PRec.216302 ¢ &

; . N{SE/RA -80/62 o

NATIONAL - |
TRANSPORTATION
SAFETY

RAILROAD ACCIDENT REPORT

DERANLMENT OF
SOUTHERN PACIFIC TRAMSPORTATION COMPANY
FREIGHT TRAIN ON MAY 32, 1889

AND SUBSEQUENT RUPTUZE OF

CALNEV PETROLEUM PIPFLINE ON MAY 25, 108D
SAN BERNARDING, CALIFORNIA

i

T e T
R PR P S

WA W e o i L s M e e

L o W, W, S




The National Tranisportation Safety Board is an independent Fecdesal agency
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independent Safety Board Act of 1974 to investigate transportation accidents,
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transportation safety issues, and evaluate the safety effectiveness of government
agencies involved in transportation.

The Safety Board makes public its actions and decisions through accident reports,
safety studies, special investigation reports, safety recommendations, and statistical
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Information Service, 5285 Port Royal Road, Springfield, Virginia 22161, Details o
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EXECUTIVE SUMMARY

. About 7:36 a.m., Pacific daylight time, on May 12, 1989, Southern
. Pacific Transportation Company freight train 1-MJLBP-111, which consisted of
-~ a four-unit locomotive on the head end of the train, 69 hopper cars loaded
with trona, and a two-unit helper locomotive on the rear of the train,
derailed at milepost 486.8, in San Bernardino, California. The entire train
was destroyed as a result of the derailment. Seven homes located in the
adjacent neighborhood were totally destroyed and four others were extensively
damaged. Of the five crewmembers onboard the train, two on the head end of
the train were killed, one received serious injuries, and the two on the rear
end of the train received minor injuries. Of eight residents in their homes
at the time of the accident, two were killed and one received serious
injuries as a result of being trapped under debris for 15 hours. Local
officials evacuated homes in the surrounding area because of a concern that 2
14-inch pipeline owned by the Calnev Pipe Line Company, which was
transporting gasoline and was located under the wreckage, may have beenr
damaged- during the accident sequence or was susceptible to being damaged
during ‘wreckage -clearing operations.  Residents were .allowed to return to
their homes within 24 hours of the derailment. '

About 8:05 a.m., on May 25, 1989, 13 days after the train derailment,
the 14-inch pipeline ruptured at the site of the derailment, released its
product, and ignited. As a result of the release and ignition of gasoline, 2
residents were killed, 3 received serious injuries, and 16 reported minor
injuries. Eleven homes in the adjacent neighborhood were destroyed, 3
- received moderate fire and smoke damage, and 3 received smoke -damage only.
In addition, 21 motor vehicles were destroyed. Residents within a four-plock
area of the rupture were evacuated by local officials.. . _ .
_ Total damages as a result of the train derailment and pipeline rupture

exceeded $ 14 million. .

The major safety issues include:

Railroad
0~ the means by which the shipping weights were determined
for the shipment of the trona laden hopper cars;

0 the dispatching of locomotives without operabie dynamic
brakes on mountain gradients;

0 the informaticn received by the road engineer regarding
the weight of the train and the number of operable
dynamic brakes; ' '

0 the Eommunication between the road and helper engineers
regarding the operation of the train, and communication
~ with the dispatcher; :
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0 the engineer’s training program, which did not adequately '
: address emergency situations;

] changes in operating procedures made by Southern Pacific
after the accident;

Pipeline

o Southern Pacific’s wreckage clearing operations in the
-area of Calnev’s pipeline alignment;

o Calnev’s oversight surveillance of the train wreckage

clearing operations and truna removal in the derailment
area; .

0 Calnev’s assessment of pipeline integrity prior to
. réesuming - full pressure. operat1on of the pipeline after
the derailment;

'
S e A W . g

o the effectiveness of-the'pipeline check valves used to ' “é
: minimize product release; } , o

o the adequacy of Federal reguiations to address the %
inspection and maintenance of valves for 1liquid
pipelines. - '

The National Transportation Safety .Board determined that the probable

ceuse of the train derailment on May 12,.-1989, was the failure to determine
-~ and communicate ~the —accurate trailing weight of the—train, failure to .

communicate the status of the train’s dynamic brakes, and the Southern

Pacific operating rule that provided inadequate direction to the head-end

engineer on the allowable speed and brake pipe reduction down the 2.2-percent
grade,

- The National Transportation Safety Board determined that the probable
cause of the pipeline rupture on May 25, 1989, was the inadequate testing and
inspection of the pipeline following the derailment that failed to detect
damage to the pipe by earth-moving equipment. Contributing to the cause of
the pipeline rupture was the severity of the train derailment that resul*ed
in extensive wreckage and commodity removal operations. Contributing ts the
severity of the damage resulting from substantial product release was
Calnev’s failure to inspect and test check valves to determine that they
functioned properly, particularly after the train deraiiment.

I, W 13 i L ] e R M o I g b S

As a result of its investigation, the Safety Board issued safety
recommendations to the Southern Pacific Transportation Company, the Calnev
Pipe Line Company, the Federal Railroad Administration, the Association of
Anerican Railroads, the City of Can Bernardino, the Research and Special
Programs Administration, the National Association of Counties, and the
“National League of Cities. The Safety Board also reiterated safety
" recommendations to the Research and Special Programs Administration and the
Federal Railroad Administration. _
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NATIONAL TRANSPORTATION SAFETY BOARD
©_ WASHINGTON D.C. 20594
RAILROAD ACCIDENT REPORT

DERATLNENT OF SQUTHERN PACIFIC TRANSPORTATION COMPANY

- FREIGHY TRAIN OR MAY 12, 1989, ARD SUBSEQUENT

_ RUPTURE OF CALNEV PETROLEUX PIPELINE ON MAY 25, 1989
_ AT SAN BERNARDINO, CALIFORNIA

INVESTIGATION
Events Préceding-the Train Derailment

Loading of Hopper Cars.--The Lake Minerals Corporation, an Owens Lake,
California, company invoived in the mining and shipment of trona,' contracted
with the Southern Pacific Transportation Company (SP) to have a shipment of

_ ‘trona transported from the Corporation’s - rail. facility in Rosamond,
California (see figure 1), to the Port of Los Angeles. The tronz was then to
be Toaded into a vessel -destined for Colombia, South America. Lake Minerals’ =
‘customer had ordered 6,835 ‘tons of trona. The cortract with the SP specified

- that the  railroad would provide :69 100-ton open-top hopper cars; Lake
"Minerals’ payment to the SP was to be based on 100 tors per car. ‘

Because lLake Minerals Corporation did not have vrail facilities at its.
Owens Lake plant, the trora was shipped by truck from there to the rail
facility at Rosamond, where the trona was loaded into the open-top hopper
cars by a loading contractor hired by the Lake Minerals Corporation. The
Lake Minerals Corporation had shipped trona by rail to the Port of
Los Angeles on only one previous occasion. The superintendent  of Lake
Minerals Corporation testified that on that first shipment the company had
averaged 88 .tons per _car when the contract had also called for 100 tons per ;
car. He stated, "We ended up with a significant shortage at the port and did = ‘
not have enough material to fill ‘the vessel," and "...we ended up with a
dead freight- charge.” For the second shipment, Lake Minerals Corporation
requested that the loadin~ contractor install a sensing device on the front-
end loader to measure the amount of material that was being loaded into the
cars. To ‘test the accuracy of the sensing device, a truck was loaded with

_ the trona. and weighed on the truck ‘scale at tne leading facility. The
device was checked for accuracy after about half the cars had been loaded.
The superintendent stated that he was satisfied that the device accurately
weighed the loads. He further testified that "we were very concerned with
being as accurate as possible."” In addition to expressing concern that they
did not underestimate the amount of troma loaded, he stated, "At the Port
facility tnere is no way to handle the trona if we had excess material and
the vessel was Toaded. - We would have had to dump it on the ground and haul
it back...and we wanted to avoid that at all costs." - .. . .

1 Ao raw material composed of sodium carbonate, "sodium bicarbonate, and
water. {t is a source for soda sash, pure sodium carbonate, and is used in
the manufacture of fertilizer, i CTET e mrnes
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Because the rail facility at Rosamond would not acccmuadate 69 cars, on
May 5, May 6, and May 8, 1989, the SP moved 32, 15, and 22 loaded cars,
respectively, from Rosamond to a side trazk at Fleta (figure 1). After the
cars were loaded, yard clerks at Mojave "released" the cars by changing the
{ status of each car from an "empty” to a "load,"? in SP's computer system.
i The computer process reguired, at the tima2 the status was changed, the entry
i of an estimated weight of the preduct. Three different yard clerks, based on
their prior railroad experience, entered estimated weights into ihe car 7ile’
of the computer system cn three separate occasions--each time the groups of
cars were moved from the Rosamond facility to the side track at Fleta. (The
32 cars moved on May 5 were estimated at 50 tons each, the 15 cars moved on
May 6 were estimated at 75 tons each, and the 22 cars moved ¢a May 8 were
estimated at 60 tons each.) The light (empty) weight of the car was
programmed into the system, and the system would automatically compute the
total weight of each car. According to their testimony, thz yard clerks, wno
- had no knowledge of the contents of the contract between -the SP iand Lake
Minerals, believed that the veight they cstimated when the cars vere released
would be autematically replaced in the computer system by the waights shown .
on the shipper’s- bill of jading when that document was later veceived in Los -
Angeles and the shipper weights were entered into the computar. Testimony by
. .the yard clerks further indicated that estimated weights suoplied when cars
were released were routinely overridden by shipper weignts at later dates,
and that they had no reason to believe that it would not be done in this
instance. One of the yard clerks, who had worked in that capacity fur
17 years with the SP and who estimated the weights of the 15 cars moved on
May 6, stated that it was important to estimate as closely-as possible the
actual weights of the cars; however, he could not offer a cvecise reason for i
why it was important. There was no documentation available to the yard 3
clerks that indicated the actual weight of trona (or any other commodity). o -
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et Preparing the Shipper’s -Bill- of.  Lading.--On May 6, 1989,—the- - —~-
' superintendent of Lake Minerals Corporation submitted a bill of lading for
the 69 cars loaded with trona to a shipping clerk at the SP's yard o“fice at
Mojave. The bill of lading (appendix C) indicated the total numbcr of cars
to be shipped, the destination of the cars, and the car numbers. The weight
of the cars was not listed en the bill of lading, . .d there was no discussion
regarding the weight of the cars. The document was reviewed and signed by
both the shipping clerk and - the superintendent. The superintendent
iestified that it was an oversight that he did not provide the weights on the
bill of Tading. He stated, "There was no question about the weights and it
was understood, as far as I knew, that they were 100 ton cars, they were
loaded and we’d ordered 69 of them." The shipping clerk testified that after.
the - superintendent of Lake Minerals Corporation left the office, he realized

gl e S § e e G gl i e e

a1 1 a1

2 the purpose in Y“releasing" or changirg the status of a car is to
release the customer (in this case Lake Miperals) from the per diem charge
for holding empty cars.

3 southern Pacific’s ¢omputer system is composed of various filesg
including a car file and a waybill file. Additional dis=ussion occurs under
Method of OQperation. .

'
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that the SP billing office in los Angelcs would require that a weight be

‘shown on the shipper’s bill of lading. He stated that he attempted to

contact Lake Minerais Corporation to inquire ahout the weights of the cars
but w3s unable to obtain the company’s t=lephone number. Based on his
experience working for the railroad, he then estimated the weight of the
product to be 60 tons per car and wrote the figure of 120,000 pounds per car
on the bill of lading: (appendix C). He testified, "...I figured these cars

‘were lighter than cement cars and 1 knew cement cars were 75 tons, so my-

estimated weight was 60 tons and I entered it." The shipping clerk did not

~ indicate on the bill of lading that the weight listed was an estimated

weight. After writing the figure of 120,000 pounds per car on the bill of
lading, he sent the document, via a facsimile (fax) machine, to the
Los Angeles office.. The shippning clerk testified that he had never before
received a bill of Tading that did not have the weights provided. There was
no documentation available to the shipping clerk that indicated the actuai
weight of trona (or any other commodity) or outlined the procedures to follow
when the shipper did not provide weights on the bill of lading. The
superintendent of Lake Minerals testified thait he believed the weight of

. 200,000 pounds per'Car had been written on the bill of lading For the first

shipment of trona.

Upon receipt of the document in the Los Angeles office, a billing ~lerk
entered the bill of lading . information into SP's computer system;

" information that would later be used to prepare the train {tonnage} profile.®

According to SP’s director of system clerical operations, there are two

. methods  available to the billing clerk to enter bill of lading information

into the computer when a unit train® is invoived. He testified, "One is
where the only thing that you show is the total shipment weight, the
cumulative weight of all cars and not the individual weights of each car.
The second method of entry is where you make the individual weights for the
jndividual cars.” Further testimony indicated that if the first wethod is
used, weight information will be entered into the waybill file but that any
weight previously entered into the car file will not be upgraded. If the
second method is used, the weights estimated and previously entered into the
car file -of the computer system by the yard clerks would be overridden by the
weights entered by the billing clerk. The billir~ clerk in Los Angeles on
May 6, 1989, used the first method for enterity the bill of lading
information. - There was no indication on the .ucument received by the

“billing clerk in Los Angeles that the figure of 120,000 pounds per car was as

estimated weight.

£ A document provided to the trasincrew that indicates, among other
information, the tonnage of the train.

5 1a a unit train, all the cars sre carrying the same product; for
example, a unit coal train. ’
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ast.--At 5:00 p.m., on May 11, 1989, the chief

i L L
- train dispatcher on duty at lLos Angeles, California, telephoned a yard clerk

at Mojave (see figure 1) and infoirwed him of plans to operate a train to haul

““the 69 cars of trona from flet: to West Colton, near Los Angeles. At
‘9:00 p.m. that evening, 2 traincrew consisting of .a Tocomotive engineer, a

conductor, and a brakeman veportes for duty at SP's yard office in

Bakersfield, California.- At 9:15 p.m. while in the Bakersfield yard office,
- - the conductor telephoned the yard clerk at Mojave and was told about the
- crew’s assignment to operat: SP train MILBP1-11 (designated Extra 7551 East)
out "of Mojave to-haul 69 cars of trona. The crewmembers were transported in

a company van from Bakersfield to Mojave where they arrived and entered the
yard office at about 10:30 p.m. The crew picked up a clearance form, train

“~.orders, - train list, and tonnage profile (the latter document is generated by

the SP- computer system and based, in part, on information in the car file)
(appendix D), and departed the office. The documents provided to the crew
indicated that the train consisted of 69 loaded cars with a trailing tonnage

 of 6,151 tons. The engineer tesiified that neither he nor the conductor had

any concern about the paperwork veceived.  The dispatcher on duty 2t

" 5:00 p.m. that day had arranged for the crew to take three locomctive units

from the Mojave yard to Fleta {3 miles away) where they would couple onto the
69 cars assembled in the siding. Thev were to then pick up an additionzl

 locomotive unit at Palmdale Two (figure 1) to help in aszending the
' ~2;2'percentA9rade to Hiland. . -

- After departing the office, the crew proceeded to the yard to check out
the three-unit locomotive consist. Between 11:00 -p.m. and 11:30 p.m., the
-conductor called the yard clerk and informed him that lecomotive unit SP 7551
. was. "dead-in-consist™ and could not be started. The engineer testified that

the crew aitempted to determine the reason the unit would not start but was
unsuccessful. - The yard clerk instructed the crew to use another unit
(SP 8278) that was in the yard next t~ the three-unit consist. The yard
clerk then informed the assistant chizf dispatcher, who had come on duty in
Los Angeles at 10:30 p.m., of the condition of SP 7551 and of the use of
SP 8278.-The assistant_chief dispatcher testified that he was conceraed that
with only three locomotive units the train could not take the 69 Joadea

~ hopper cars farther than Denis (see figure 1), and so he decided to alter the

plan to supply locomotive power for Extra 7551 East that had been arranged by
the dispatcher on the previous shift. Rather than have the crew pick up an
additional locomotive unit at Palmdale Two, the assistant chief dispatcher
arranged for a helper locomotive to move toward Mojave, meet Extra 7551 East
at Oban, and assist the train up the ascending grade to Hiland and through
the Cajon Pass.® The assistant chief dispatcher testified that he made this
decision based on his belief that the tonnage of Extra 7531 East was szbout
8,900 tons, a figure that he calculated based on his experience with the
product. He further testified that even though he had a copy of a yard list
prepared by the yard clerks the previous week when they released the cars
indicating a trailing tonnage of 6,151 tons, he believed that figure to be an
estimated weight that would have been overridden when the bill of lading
information was placed in the computer system, According to his testimony,

¢ I'he route through the mountains over which SP trains often operate.
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he determined the number of locomotive units that would be needed to move the
train up the grade based on the 8,900 tons. He testified also that he had
never previously recalculated the tonnage of a train to determine the number
of locomotives that weuld be needed. He stated that he further believed that
the crew had been provided -with an upgraded weight raflecting the figure of
8,900 tons. He did not communicate with the crew nor did he use the computer
system, which was available-to him at lis desk in Los Angeles, to determine
the tonnage figure that had been provided to the crew.

After conducting an initial terminal air brake test,” the crew of Extra

7551 East departed Mojave yard (MP 381.3j at 12:15 a.m., on May 12, en route

to Fleta (MP 384.4) with a locomotive comsisting of units SP 8278, SP 7551,
SP 7549, and SP 9340 confiqured in that order from east to west. (The
engineer testified that because he was rot told to do anything with unit
SP 7551, he kept it im the consist.) The engineer was operating from the
lead unit, SP 8278, en route to Fleta.® Because maintenance-of-way equipment
was occupying the east end of the siding at Fleta, the dispatcher instructed
the crew to continue eastward to Ansel (MP 390.4) and enter a side track at
that ™ location to clear the main track for traffic. According to the
engineer, Extra 7551 East arrived at Ansel at 12:40 a.m., waited for the main
track traffic to pass, and departed Ansel at 1:15 a.m. to return to Fleta.
On the return trip to Fleta, SP 9340 was the lead unit in the consist, and

. the engineer operated from that unit. . Because the maintenance-of-way
equipment was still occupying the east end of the siding at Fleta, the crew

was unable to position their locomotive units on the east end of the train to
continue their eastbound trip. It was necassary, therefore, for the c¢rew Lo -
enter the west end of the siding (see figure 2), couple their units te that
end of the 69 hopper cars, return westbound to Mojave yard, reposition their
locomotives units at that location, and then continue their eastbound train
movement. The enginear testified that before departing Fleta, the train line
pressure was charged but an air brake test was not conducted. The engineer
stated that while operating from unit SP 9340 on the return trip to Mojawe,
the dynamic brakes® were intermittent: "It would lcad and then the dynamics

would drop out on the unit." (Additicnal discussion occurs.under Mechanigal |
Information.) The-engineer-testified that after the iocemotive consist was

repositioned and coupled to the cars in Mojave yard, a test for leakage of

- the train 1line pressure and an initial terminal air brake test were

performed. According to the engineer, none of the crewmembers expressed
concern about the tests, After waiting for an inbound train to clear the
main track, Extra 7551 East departed Mojave at about 3:35 a.m. with the
engineer operating the train from the iead unit, SP 8278. The conductor was

7 the s air brake rules require that the train air hrakes be tested
before the train departs its initial terminal.

8 train designation is based on the number of *he Lead locomoctive umit.
Even though unit SP 8278 was the lesad unit in the locomotive consist, the
train designation remained Extra 7551 East.

9

Dynamic braking is an electrical means used to convert some of the
energy of a moving l[ocomgtive into an effective retarding forze.
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szated in the cab across from the engineer; the brakeman was seated in the

_ cab of the third unit, SP 7549. According to the engineer, the brakeman was

“seated in the third unit to keep warm because the second unit, SP 7551, was

not operating. The engineer stated that the dynamic brakes on SP 8278 were
*working,” and that when he asked the brakeman about the condition of the
dynamic  brakes on SP 7549, the brakeman replied, “It's revving.” -. The
engineer further stated that he did not conduct a visual observation'? of
SP 7549 to determine if its dynamic brakes were operative. Extra 7551 East

- proceeded to Oban, and the dispatcher instructed the crew to move into the

siding at that location to await a westbound train that was heing assisted by
a helper unit; the helper unit would be cut off and used to assist Extra 7551

East over the Cajon ¥-=3,

.~-At 1:30 a.m., on May 12, 1989, an SP trew,

" consisting of .a locomotive engineer and brakeman, reported for duty at West

Colton yard. The crew was transported in a company van from the West Colton
yard to Tike (MP 481) (see figure 1), arriving at that location at about
2:30 a.m. The crew took charge of a two-unit locomotive comsist, SP 7443
(facing west) and SP 8317. (facing east), that was to be used in helper
service (assisting trains- traversing Cajon Pass). The crew (hereinafter
referred to as-the helper engineer and the helper brakeman) was instructed by. .
the train dispatcher to operate from Dike to Palmdale Two (MP 417.3) and then
to assist. a westbound train, Extra 8240 Mest, between Palmdale Twe and Oban

" (MP 399.9). The helper engineer had been informed. by the engineer whom he

L had relieved that the dynamic brakes on unit SP 8317 were inoperative. The

movement from Palmdale Two to Oban was uneventful, and the crewsembers had no

_ concern about the operation of the train. At about 5:06 a.m., the dispatcher

instructed the helper engineer to couple the helper lccamotive onto the rear
of an-eastbound train, Extra 7551 East, that was waiting in a siding at that
location for helper service through *the Cajau Pass.

- - The helper engineer testified that he did not receive any information

- from either the head-end engineer or the dispatcher regarding the tennage of

|

Extra 7551 East nor did he request that information. There was no SP
requivement that he be furnished that_ipformation. He stated that he did
not normally operate over this territory and, therefore, did not keow if it
was customary to receive that information. He stated further that for the
territory over which he normally operated, he wusually received that
information, and that if he did not, he would request it.

Movement of Extra 7551 East From Oban to Hiland.--After the helper

. engineer radioed the  head-end engineer and informed him that the helper

locomotive was coupled onto the rear of Extra.7551 East, an airbrake test was
performed; neither engineer noted any deficiencies in the operatien of the
brakes during the test. Upon receiving a clear signal, Extra 7551 East
departed the siding at Oban. At .about 5:30 a.m., the helper engineer

10 The method for positivily determining if dynamic brakes are aperating
is by observing the amperage reading in esch locomotive unit. See nechanicat
Information for additional discussion. :
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“{nformed the head-end enéineer, by radio, that the trailing units had cleared
-the siding.:. The helper engineer testified that his locomotive was in the
. eighth throttle notch (full throttle) before entering onto the mainiine. The

_ -head-end engineer and the conductor were still on the lead unit, SP 8278, and.
- the head-end brakeman remained on the third unit, SP 7543. Tae helper
.. . engineer and the helper brakesan were located in the trailing unit, SP 7443,
. of . the helper consist, The helper engineer stated that the trip from Oban to

- Riland (MP 463) was uneventful. _
‘The Train Derailment -

__Teé_tildny indicates that there was no commnication between the head-end

" ‘engineer and the helper engineer from the time Extra 7551 East left the

. 'siding at Oban until about 7:03 a.m. when the head-end engineer was cresting
" the hill at Hiland. The head-end engineer stated that he crested the hill at
Hiland (MP 463) .at 25 mph or 5 mph below the speed he believed was allowed
. based .on the information he had about the train--6,151 trailing tonnage and
four units (two head-end units and the two helper units) with full dynamic
brakes and one head-end unit with interwittent dynamic brakes. As hz crested
‘the hill, the head-end engineer began using his dynamic brakes and initiated
..a 6-1b. reduction of the air brake pipe pressure. He then asked the helper
_.engineer ' if -he had. "...all of your dynamics....” ~The helper engineer
-responded, . “Yeah, I’m in full.® The head-end engineer testified that based
-on the helper engineer’s respense he believed that both helper units had

o ‘operative dynamic brakes and had no reason to believe otherwise. He had not
- been informed by either the dispatcher or helper engineer that one of "the

helper units had inoperative dynamic brakes, and he did not inquire about the
~~'condition of the dynamic brakes on the trailing units. The helper eagineer
. stated that he did not believe it was necessary for him to alert the head-end
engineer cof the status of the dynamic brakes on the helper unit because he
(the helper engineer) believed the dispatcher would have already made that
- irnformation known to the head-end engineer. The assistant chief dispatcher,
‘who arranged for the helper unit to assist Extra 7551 East, testified, "I
" think-the normal- procedure would be for the helper engineer to relay that
“information to the road engineer, certainly not the train dispatcher." SP
had no  requirement that the dispatcher record or disseminate this
information. :

__As the train continued descending the hill, the speed of the train
- increased to about 30 mph and the head-end engineer increased the brake pipe
‘pressure reduction to 10 psi. According to the head-end engineer, the speed
‘of the train held at 30 mph for a short time and then began to increase. He
then increased the brake pipe pressure reduction to about 14 psi.  He
continued to increase the brake pipe pressure reduction gradually. Each time
- he reduced the brake pipe pressure, the train’s speed would slow slightly aad
then it would begin.to increase again. By the time he reached Canyon, he had

reduced the brake pipe pressure a total of 18 psi, but the train was-

-traveling at a speed of 31 mph and accelerating. The head-end engineer
. stated to Safety Board investigators, “As you're coming down Canyon [MP 4691,
there are a few places there where it [the train] will run on you, meanisg
- that it’s less curvy...you no longer had that resistance of the curves so the
train will pick up a little speed, but I was compensating fine." As the
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‘train entered straight track, around MP 477, the speed of the train
increased, and the engineer began increasing the brake pipe pressure

" reduction, He stated, "] kept waiting for it [the train] to settle down....I
. was already up to 20 pounds. Now I knew that was probably enough when that-
" train should start bogging [slowing] down.®  According to the head-end

engineer, he ‘then-went to a full service reduction (26 psi). He stated

.- further, "When | made a full service and it wasn’t slowing down, we realized

- -that...this train wasn’t going to stop.® About 7:30 a.m., based on the
.- . veadout of the event recorder, as the train speed reached 45 mph, the helper
- engineer, without comminicating with the head-end engineer, placed the train

brakes in emergency. Azcording to the helper engineer, he did not

" communicate to the head-end engineer that he was going to place the train

brakes in emergency because "at that point there might have been something
wrong up there and the speed we were going, corrective action had to be taken
‘and soon...." He further stated that he did not believe that communication
prior to that time was necessary because by observing the brake pipe gauge on
the rear end, he could tell that the head-end enginecer was attempting to take
corrective action. - According to the head-end engineer, after the helper
engineer placed the train brakes into emergency, he placed his brake valve in
cwergency and the train then began to “surge.” According to SP, ‘its
Jocomotives are designed so that. whern the train brakes. are placed in

. . emergency, the dynamic brakes are pneumatically blocked out; both engineers. .
- testified that they were aware of this feature. The head-end engineer stated

‘that when the %rain brakes were placed in emergency he beiieved there were no

~ longer any options available for contrclling the speed of the train.

‘A motorist who routinely travels on a highway that parallels the

" railroad tracks for some distance and normally sees trains at that time of

the morning testified that she obzerved "...one train...going a lot faster
than some that I had normally seen before.” The motorist, who estimated that
‘the highway was about 1/4 to 1/2 mila from the tracks, also testified that
the train was engulfed in what she assumed to be smoke, which she described

as light blue in color. The helper brakeman testified that after the helper
" ‘enginéer placed the brakes in emergency; -he observed smoke coming from

underneath the train. The head-end engineer also testified that when he
looked back over his train, he saw a "lot of smoke coming from the train.®

The speed of Extra 7551 East continued to increase as the train

'descended the hill.. The head-end engineer stated that when he realized the
© train was not slowing, he instructed the conductor to "get on the phone and
- tell them we got a rvunaway train." According to a transcript of the

dispatcher’'s radio log, ‘at 7-33:21, an attempt was made to contact the Saugus
dispatcher but was not successful. At 7:33:48, the conductor contacted the
assistant Jeneral yard master at West Colton and informed him, "We have a

| _sTight problem. I don’t know if we can get this train stopped. We’re coming

out of Dike [MP 481].° The helper engineer testified that when he overheard
“the radio transmission to the West Colton yard, he did not believe that the
message conveyed the seriousness of the problem and that "I got on there and

1 called Mayday Mayday to clear the radio waves.” He further stated that

becauce the train speed was rapidly increasing, he positioned himself on the
‘floor behind the control stand with his back and head braced against the back

" panel and his feet braced against the control stand. He stated that he had
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.+ ‘observed

. They continued.
- Street, ; they observed that an- SP-train had.derailed and had crashed into

- “out of the%lead

11

. “the radio in his hand, was ca]]1ng out the speeds and was attempting to ca11
" ‘somebody, and that. he . remexbers - "calling out the speed when we hit ninety.”

- The: helper brakeman: stated that:he remained -in his seat. -The transcript of

~the_dispatcher’s:radio log -indicates that at 7:37:09 the fdllowing message
- wWas transpitt, " Mayday] - ‘Mayday! 7551, West Colton-AGYM [assistant general
- yard master]); we‘re doing: 90 wiles- per. ‘hour, nine zero, out of .controil, won’t

'/ be'able/to stop.till we hit"Colton." The head-end engineer stated that after

" "the conductor:called West Colton, “"there was nothing left to do.* He further

> stated that? he:and_the conductor remained in their seats and that’ he believed

" ‘the speed’ of:the: train reached 100 mph. He stated, "The speedometer only
§_uent to; Bo,ﬁbut it was way . past that 8 4 was ‘as far as it could go

. As Extr '7551 East approached MP. 486.6 and entered a4- degree raght ~hand
. curve, the ‘entire’ train derajled to the outside of the curve; wany of the
e cars crashed gnto a- neighborhood of houses adjacent to the raa]road raght -of-
u”;juay (figore »3;and 4) R ,

U The dispatcher S radio 1og 1ndicated that a call from Extra 7551 East
_..stating that the whole train was on the ground was. received at 7:37:55. The
“helper: engineer “testified that he made the radio. transmission-after the

""end he structed: the- helpermbrakelan to 90 to the front of the traxn

: o 13 '30 3B, vy tuo San BernardIno police detectlves, who were
';;_trave11ng -westbound.. -on -Highland : Avenue - approaching - ‘California Street,
> ! _uhat ‘they:stated .appeared to be a large flash of light and a 1arge
_cloud of ‘dustcome”from, the area of Highland ‘Avenue and west of Macy Street.
estbound on Highland Avenue, “and “as they ‘drove “past Macy

f _several: houses on. Duffy Street: -One of the detectives used his police radio
_“to_.advise: his i dispatcher of _the : 51tuatlon and to -request emergency
ﬂpersonne] They ‘parked ‘their vehicle on thé north side of Highland Avenue

.- and ran’ up. the'rai1road Tevee!! to evaluate the damage. Several other peop]e

d?{heir vehicles and ran: up the evee T T

a]1forn1a Gas Company emp]oyee ‘stated that he and another

i-;h“gas conpany empioyee were; about 100 yards west of Highland Avenue when they
" “'observed theatraan ‘derail atia’ “high rate of speed.’” He further stated that he

.:illediately'"ran “to” the® site . of - the. derai]ment ‘and; . along with other
* unidentified: people, helped the. engineer ‘who was" attempting to pull himself
ocomot1ve unit. Accordingito the gas company employee, the

" engineer” began J1ooking . for':his™ partner' (who was - Jater identified as the

© conductor)’,whom " he found fatal]y “injured in. ‘the ‘'same lead locomotive unit.

. After they. helped lay*the engineer next to-a ferce in the rear yard of 2304
", Duffy Street ‘to: amiit ‘the . arrival of ‘emergency personnel, the gas company
1 _-fenployees began shoveling dirt around one of the 1ocomot1ves in an attempt to
'.,'preventvhthe spi]led diese1*fuel from spreading They then began shutting

:riﬂroodfbti}-acks_"_an—e-conscructed-ctop a 20- to

'“ﬂderailnentland ‘that :because he had . received no “Communication from the head.
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off gas lines to the houses that were damaged in the derailment. According
to one of the gas company employees, there were no fires associated with the
spilled fuel oil or the broken gas lines.

Emergency -Response to Train Derailment

The' San’ Bernardino County’s 911 emergency number was called about
7:41 a.m. by a resident who reported that a train was oif the tracks and into
some houses, - : ‘ :

o W oy L L, Fcn Rt ) 1

‘The San Bernardino battalion chief’s unit was the first fire department *
unit to arrive at the -derailment site about 7:48 a.m. The battalion chief
stated that in addition to observing the derailed freight train and damaged
houses, he _noted that a white powdery substance that had been dumped by the
train when it derailed was piled over the entire wreckage site. He stated
further that he requested a hazardous materials unit to respond to the scene ‘
because of the iunknown product being carried by the train, the leaking diesel !
fuel from the overturned locomotives--even though there was no evidence of
fire--and the possibility of pipeline involvement.'?2 The battalion chief

. stated that he was aware that a pipeline was in the area of the derailment i
but was uncertain of its location at that time. o - '

Lt ik

I
“7 T "Police units began arriving also about 7:48 a.m. and began setting up .- ;
road- blocks, evacuating occupied houses, and handiing crowd control. An O
estimated 63 persons .were ultimately evacuated from 27 houses in the ‘
immediate area of the derailment. As otner fire companies arrived, they were
‘placed- in strategic locations around the accident site. About 7:55 a.m., I
fire department personnel began a house-lo-house search for survivors. About
11 houses had been impacted by the derailing train. At that time, a canvass
of the neighborhood and residents found that no one was reported as missing.
About 8:01 a.m., however, a parent reported that two children who resided at
: 2348 Duffy Street were missing. A second search began and about 8:25 a.m.,
 — —the first child was found dead; about_10:15 a.m., the second child was also
found dead. - -

Meanwhile, about 8:05 a.m., the San Bernardino deputy fire chief arrived }
on scene, was advised of the situation by the battation chief, and then
‘assumed control of the emergency as incident commander. He stated that he
approached representatives of Calnev and SP, who had arrived on scene between
8:30 a.m. and 9:00 a.m., and informed them that he was the incident commander
in charge. He stated further that by the time he had arrived, the city’s
joint response and mutual aid plan had been impTemented as a result of the
battalion chief’s initial request for additional assistance. The incident :
commander subsequently established a command pest at the corner of Donald and !
Duffy Streets. The deputy fire chief testified that all subsequent actions . ;
by Calnev and SP were coordimated with him. He further testified that i
because the product that was scattered over the derailment sité had been
transported in open top hopper cars, he did not believe it was a "serious
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12 4 44-inch liquid petroleum pipeline, operéted by Calnev Pipe Line
tompany, was buried in the $P's right-of-way. T
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hazardous material." He was informed iaitially by SP perconnel that the
product was potash; later in the day he received a data sheet from the Office
of Emergency Services (U3} that identifiad the preduct as scdium carbonate. .

- About 10:40 a.m., the search team was notified that a third person was
reported missing at 2326 Duffy Street. Because of the totazl destruction of
the house and the unstable condition of the train cars that were piled up in
the area, -search and rescue efforts for the missing person at that location
were .delayed until heavy equipment could be brought in to move some of the
‘damaged structure and train cars.

Representatives from the California QES, which was notified of the
accident at 7:45 a.m., through the San Bernardino County Communications
Center, arrived on scene about 9:15 a.m., reported to the commard post and
offered assistance. About 10:15 a.m., OES arranged for two scesnting dogs
and their trainers to be flown from the San Francisco Bay area. The dogs .nd i
their trainers arrivad about J:5%F p.m., and the trainers were briefed by the :
incident commander about the ongoing search and rescue efforts.

Meanwhile, about 2:00 p.m., SP began to set up blocks and tackle to
facilitate removal of train debris with a crane. These efforts were halied
by the incident commander about 3:00 p.m., before debris remeval began, .
because the incident commander and the QES believed that such efforts might D
encanger rescue operations. The incident commander decided, and SP and :
Calnev representatives ‘concurred, that nothing would be moved until the dogs
had completed a search of the area.

¢ The dogs alerted rescuers at various times when they sniffed the
1 vicinity of the house at 2326 Duffy Street between 4:20 p.z. and 9:00 p.m.
_ﬁ Shortly after 9:00 p.m.,  the rescus workers TJocated a hand projecting
& through the debris at 2326 Duffy Street. The surrecanding area was
' immediately stabilized. An opening was cleared by paramedics, who sent down :
. 7 —oxygen and took-vital signs of the trapped person. - With the help of power—— | —
b tools, - the resident was eventually freed from the debris zbout 10:34 p.m., '
b 2hout 15 hours after the derailment. :
k About 11:20 p.m., a rescuer was alerted by a deg in the vicinity of ihe
. third head-end Tlocomotive unit. After removal of debris, the head-end

brakeman was found dead in that unit about 3:03 a.m., May 13. The deas
L. s5d until about midnight, examining all-affected residences and portions

" the train. By early morning on Saturday, May 13, the incident commander
netermined that all areas had been adequately searched, there were no further

'Q reoorts of missing persons, and, consequently, search amd vescue efforts
3 «ere terminated. - : :

Shortly after noon on May 13, before wreckage remeoval eperations began,
2 SP bulldozers and hundreds of sandbags were used to buiid 2 dam at the
- lowest end of the accident site- to help contain gasoline  should the
pipeline become compromised.

The San Berrardino Chapter of the American Red Cross Znitially learned
of the tr-In derailment on commercial radio about 8:43 a.m. At that time,
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representatives of the .Red Cross responded to the scene where they met with
the incident commander and were directed to prepare a shelter for 50 to 100
persons. The Red Cross Disaster Coordinator then contacted the Red Cross
chapter office and requested additional personnel and logistical support. A
temporary shelter was prepared at the local Job Corps building, a mobile
canteen/kitchen was established at the accident site, and damage assessment
teams were sent to the scene.. The Executive Director for the San Bernardino
Chapier of the Red C{ross stated- that they were equipped to handle the
emergency and that they received logistical support from the Los Angeles and
the Riverside Chapters in the form of a van, a canteen, and food supplies.

Wrechare S‘earance/Pipelihe Surveillance Operations
Foal:x4iny the Train Derailment

¢y 12, 1589.--When Calnev’s manager of engineering received information
ranarGirg Yhe train derailment, he radioced Calrev’s Colton terminal, about
6 i/ wilas from the derailment site, and instructed personnel at that
location tu shut down the 14-inch pipeline immediately. At 8:30 a.m.,
pumping operations were stopped, leaving a residual pressure of 1,128 psig at
Colton. The manager of engineering then notified Calnev's manager of
operations and the maintenance superintendent of the train derailment; all
three individuals proceeded to the accident site to view the derailment and
determine the potential impact to the pipeline. According to the manager of

operations, when they. arrived at the derailment site, it was obvious the

pipeline could have been damaged because the pipeline was under a portion ¢f
the - wreckage, - "...most - notably a locomotive that came to rest inverted
directly over the pipeline™ (figure 4). According to the manager of

operations, their concern was that if the locomotive had remained intact, it

could possibly have protruded into the ground 8 to 10 feet, and they were
unsure at that time of the precise depth of the pipeline at that lecation.
According to Calnev personnel, the derailment prevented Calnev from accessing
the pipeline and performing any inspections of the pipeline in that location
at that time. Calnev’s activities during ihe morning of May 12, according to
the maintenance superintendent, were confinzd to remaining on site to make
sure that no actions occurred on the part of the railroad or other agencies
that could further endanger the pipeline. However, Calnev wanted to reduce
further the pressure in the pipeline in the area of the derailment.
According to the maintenance superintendent, "What we ideally were going to
accomplish was to remove all of the product from the pipeline under the
derailment area. As events proceeded, it was determined that that was
unfeasible.” '

At 11:30 a.m., a foreman for Arizona Pipeline Company,!3 permanently
assigned to work on Calnev projects, arrived on site to assist Calnev
personnel in reducing the pressure in the pipeline. The initial plan was to
excavate the pipeline at a location 500 to 800 feet south of Highland Avenue
(south of the derailment site), install a fitting for the purpose of tapping

_13 A contract comhany {(rather than a pipeline operating company, such as
Calnev) that specializes in the installation, maintenance, and repair of
underground Llines.
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a hole intc the pipeline, and withdraw product at that location. According
to the Calnev maintenance superintendent, they were aware, by referring to
company pipeline maps, that a check valve was installed in the pipeline
immediately north (upstream) of the derailment site at pipeline milepost
(MP) 6.9'% (figure 5). Calnev officials stated that they believed that
removal of product from the pipeéline at the location south of Highland Avenue
would cause the check valve to seat (close) thereby isolating the pipeline
north of the check valve from the pipeline in the derailment area. Further
removal of product would then reduce the pressure in the pipeline in the
derailment area., After excavating at the location south of Highland Avenue,
Calnev officials determined that the location was not suitable for tapping
the pipe because the pipe was buried in the ground at a depth of 14 feet and
was inside a steel casing. Calnev officials then moved their activities to
the Colton -terminal where a 2-inch fitting with a 1 1/4-inch opening was
installed on the 1l4-inch pipeline, and they subsequently began withdrawing
product from the pipeline at that location.

Acéording to Calnev’s maintenance superintendent, after about 120
barrels of product were removed from the pipeline (and loaded into a vacuum
truck), the pressure was reduced about 60 psig at the Colton puzp station

(MP 0.0) and at Cajon Pass (MP 25.7).'5 Because the pipeline pressure had _

been reduced by an equal amount on both sides of the check valve at MP 6.9,
Calnev personnel determined that they had not been successful in seating
(closing) the check valve at that location and, consequently, had not been
successful in isolating the pipeline in the area of the derailment. The
equal reduction in pressure also indicated that the check valves at MP 14.9
and MP 19.2 had not seated. _ S C

Believing that they had been unabie to withdraw product at a rate
adequate to induce product backflow sufficient to fully seat the check
valves, Calnev personnel installed a threaded fitting through the new opening
and connected it with high pressure hoses in an attempt to withdraw product
at a faster rate. According to Calnev personnel, a second vacuum truck load
of product (120 barrels) was then withdrawn and comparable results were
observed--an equal reduction in pressure on both sides of the check valve at
MP 6.9. As a result, -€alnev knew that the check valve at MP 6.9 was not
closing. Calnev’s maintenance superintendent stated that he then recommended
that additional pressure reduction could be achieved by clesinc the block
valve at the Cajon Pass pump station. After the block valve was closed, a
third vacuum truck load of product (120 barrels) was withdrawn from the
pipeline and a 200-psig reduction in pressure was achieved.- Once again,
however, the pressure readings at the Cajon station and at the Colton station

14 Milepost numbers for the pipeline do not correlate with the milepest
numbers for the railroad.

15 The static pressure in the pipeline varies with the elevation of the
iine. Therefore, the pressure reduction, rather than the pressure reading,
was the critical observation at the two locations.
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.. indicated that the pressure had been reduced by equal amounts, which

- indicated to Calnev :personnel that the check valves still had not seated.
. The 200-psig reduction also indicated that the remaining pressure on the line

‘was due to the weight of the liquid and, as the maintenance superintendent

: o stated, “that . additional efforts would-be. only minimally successful in

reducing the pressure at the Highland Avenue location [derailment site],"

- because backflow sufficieat to seat a 14-inch check valve clapper could not
-be induced by withdrawing product through a 1 1/4-inch opening. As a result,

Calnev suspended activities to reduce further the pressure on the pipeline,

i “which at 10:00 a.m. on May 12, was 800 psig at Colton, or about 50 percent of

the maximum operating pressure established by Calnev. - Accordina to Calnev’s
manager of operations, Calnev did not at that time consider the possibility
that the check valves were malfunctioning, but believed that the check valves
did not -close because of “the inadequacy “of the method used to induce

" backflow.

Meanwhile, SP’s division mechanical officer and other SP personnel had
arrived on site and in .consultation with Calnev and the incident commander
began discussing plans for removal of the railroad equipment. According to
the division mechanical officer, "the plan was to remove the cars and in no
way affect the pipeline.” The plan included cutting a breach (road) in the
railroad levee through which the railroad equipment wouid be moved to the

- .other side of the_track. According to the San Bernardino Fire Department and
~Calnev, SP was. advised that. when the cars were to be removed, all cars were

“to- be lifted and not dragged over the pipeline. Calnev’s wmanager of
. operations testified that he was aware of an accident in_ Montclair,

.-California, in the latter part of 1988, during which wreckage removal

operations possibly caused damage to a pipeline and that he wanted to avoid a

" repeat” of ‘such an" incident. — According to Calnev’s manager of operations, he

did not discuss with the: Fire Department or SP at that time what actions
Calnev would take ‘to inspect its pipeline after the cars were removed.
Search and rescue operztions continued unti) late in the evening on May 12,

‘and  efforts to begin removal of - the wreckage were delayed until the
'-folloﬂing day. \ e _

1999.--0n the morning of May 13, SP removed 50 to 75 feet of

V"“. tr5ck in preparation for making the breach (road) through the railroad levee

. that would be used for vemovisg the railroad wreckage from the east side of

'1.ﬁthe track to the west side.- According to SP’s division mechanical officer,

the site of the breach was determined by a break in the distribution of

", wrecked cars on the east .side -of the track (figure 4). Once the breach had
' "been made, two 225-ton crames- and several bulldozers and front-end loaders
- came through the breach from the west side of the track, crossed over the
- pipeline, and were positioned at various points. around the wreckage (figures

6 and 7). SP’s division mechanical officer testified that a lot of the trona

.7 that had spilled from the train was used to cover the ground and that with
. the trona and the fill removed from the levee, there was about 6 to 7 feet of
' _cover over the normal -level of the ground in the area through which the
.+ ‘equipment was moved. At the time the breach in the levee was made, the exact

.. depth of the pipeline below natural grade had not been determined.  During
. 'the-morning of May 12, Calnev personnel used a line locator and yellow paint

 to mark the location of the pipeline throughout the derailment area. Later
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Figu-re"ﬁ 7-.-'-fquit;‘nent osed during wreckage removal.

that morning, with a. backhoe and shove]s, Calnev personnel dug two holes on
either side of the locomotive engine that came: to rest inverted over the

“pipeline and determined: that the depth of the pipehne in that area was

between 7 and 8 feet. T P )
According to the testimy of Ca1nev (¥ uamtenanre superintendent and

- $P’s division wechanical officer, in removing the cars. the cranes would pick

the cars up- and swing them around to the breach-in the levee. From that
location, front-end loaders would then carry the cars to the west side of the
track (figuress 8 and 9). Testimony further indicated that equipment
contmuously operated through the haul road over the pipeline and that it was




VELES 0 e LT Y




Figure ?."--Equ_ipment used to move cars to west side of track.
necessary- on ﬁa‘ny__;occasions to re-mark the location iif‘ the pibe‘line .with
yellow paint. -~ As Calnev’s maintenance -superintendent = testified,
.._l.‘tron:;.t'..w_ats a 1v:r{,klight, 1oose1ﬁ compact_ec% material...once you made a
mark on it; it wou ake a very small amount of activity by h i

to totally erase that mark." . R ¥ by heavy equipnent

SP's _feﬁova] -of the wrecked cars, -u-:hi.ch were spread over a large area
and stacked two and three cars high at some locations, continued th:%ughout
the day. A Calnev representative was on-site to monitor the operations and
to keep S¥ personnel aware of the location of the pipeline. The incident
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commander kept fire engines and foam units on alert status with lines charged
whenever a piece of wreckage was moved from a critical location over the
pipeline. Calnev’s maintenance superintendent testified that it was his
understanding that resoval of the wreckage would proceed during daylight
hours only. When SP continued their activities after dark, Calnev’s
maintenance superintendent notified his supervisor who then returned to the
site. After the situation was discussed with the incident cosmander and SP
personnel, it was agreed that operations would be discontinued. Activities
were halted about 11:00 p.m. that evening. The incident cosmander stated
that he believed the cooperation exhibited by both Calnev and SP was
exceptional. ' .

: Bay 14, -1989.--Removal of the rail cars resumed about 6:00 a.m. and
continued throughout the day. Again, a Calnev representative was on site to
monitor the operations and keep SP personnel aware of the location of the
pipeline. According to SP's division mechanical officer, the cars were
removed "...in the manner in which they had been stacked...using two hooks
with one crane. We picked them all straight up and then moved them out.® He
further testified that none of the cars were dropped in this process. He
observed that debris including car components, axles, and pieces of rail
remained in the area after the cars were resoved; the visible debris was
then also vemoved from the site. According to Calnev’s maintenance
superintendent, it appeared that the debris had not penetrated the natural
ground cover. SP's division mechanical officer testified that no contact
" with the pipeline was observed during removal of the debris and "there was no
rail sticking in the ground." Equipment operators werking during the
clearing of the train cars stated that many pieces of heavy construction and
" excavation equipment, including front-end loaders, cranes, and bulldozers
worked simultaneously throughout the derailment area.

: May 15 and 16, 1989.--When activity resumed on the morning of May 15, SP
began making preparations to move the locomotives; all rail cars had been
removed from the east side of the track. Calnev’s maintenance superintendent
noted that the trona was scattered in varying depths throughout the_area and .

~ over the pipeline to a point near, but not reaching, the engine (unit
SP 7549) that lay inverted over the pipeline near the toe of the railrcad
esbankment. To remove the locomotive units from the east side to the west
side, SP personnel used two cranes to 1ift each unit and place it in the
breach where one of the cranes, with the help of a front-end loader, carried
the unit to the open field on the west side of the tracks. Each time a
locomotive unit was moved, it was necessary for one of the cranes to cross
through the haul road over the pipeline. Calnev personnel agreed that the
crane could cross over the pipeline in this location. Calnev’s maintenance
superintendent testified, "I did not see any activity which I believed
damaged the pipeline. Any time you are using large pieces of excavating type
equipment near a pipeline, you certainly have the potential for danger.*”
According to SP’s division mechanical officer, who was_in charge of the
wreckage removal, he did not perform or know of any calculations that were
performed to determine the stress imposed on the pipeline due to the weight
of the cranes and the cars that were carried across it. '
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When the locomotive that came to rest inverted over the pipeline was
removed by SP, Calnev personnel observed that the entire top of the
locomotive had hezen sheared off and that it had been resting at grade level.
There - was nothing visible protruding into the grourd. Calnev, however,
decided to excavate the portion of the pipeline that had been unde. the
locomotive. Using a backhco equipped with 2 24-inch bucket, Calnev personnel
excavated an arca approximately 80 feet in length parallel to and about
2 feet east of the pipe to a depth about 4 inches lower than the depth of the
pipe in the area. Pipe depth was reported to have been about 8 feet at the
- souther) end of the excavated area and 6 1/2 ta 7 feet at the northern end.
- Accord®.ag to Calnev personnel, the soil surrounding the pipe was removed by
hand so that the pipe was exposed from the 6 o’‘clock position to the
2 o’clock position facing south (see figure 4, excavation # 1). Calnev's
manager of operations testified that he personally entered the excavation,
inspected the pipe, and found no damage to the coating or to the pipe.

Calnev officials then decided to excavate in an area north of the breach
where, according to Calnev’s manager of operations, “...bulldozers had been
repeatedly going off the end of the haul road® (figure 4, excavation # 2).
According to the Arizona Pipe Line Company foreman, who performed the
excavation, about 1 foot of pipe length was exposed from the 1 o’clock to
3 o’clock position looking north. When asked if any damage to the coating or
pipe was noted, the foreman replied, "Couldn’t really tell by a visual look,
and we didn’t bother exposing anymore due to our objective was to determine
depth and alignment of the pipeline at that time."™ The depth of the pipe at
this location was determined to be about 7 feet. With respect to the depth
of the pipe, Calnev’s manager of operations testified, "...it was sufficient
to where I was no longer concerned about any damage from the bulldozer
activity.”

By late afternoon on May 15, the wreckage had been removed and SP began
to demolish the houses that had been damaged during the derailment. SP
planned to close the breach that evening, relay their tracks, and begin
removing_the trona on the following day, May 16. = According to Calnev
officials, it was at this point that they began to formulate the next step of
their inspection plan. Calnev understood that if SP began removing the
trona on Tuesday, inspection of the pipeline would be delayed until the trona
removal was completed. According to Calnev’s manager of operations, At that
point, we were still unsure of the integrity of the pipeline. It was still
in a stable situation. It had not lost any pressure nor were there any signs
of leakage. But yet we could not verify the integrity of the pipeline before
then.” Calnev’s plan was to move in additional equipment, remove all of the
trona over the pipeline down to native soil, and excavate and inspect the
pipeline at any location where debris was found and appeared to have
penetrated the native soil. According to Calnev officials, by removing the
trona from over the pipeline, SP personnel would not have te work directly
over the pipeline when they began hauling away the trona on the following
day. According to Calnev’s manager of operations, this plan was discussed
with SP officials and the incident commander, and no recommendations or
modifications to the plan were suggested. .
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"Using a John Deere 690B excavator and working from south to north,
Calnev began making a path about 8 feet wide through the trona beginning at a
point near where the locomotive came to rest inverted over the pipeline
(figure 4). Accrrding to Calnev’s maintenance superintendent, the excavator
was followed by a front-end loader to complete the vemoval of the trona. He
further testified that a.few inches of natural soil was removed and that as
much as 12 to 16 inches may have been removed at any one point, but that he
still believed that he had plenty of cover over the pipeline.

In making the 8-foot-wide path, Calnev piled the trona that was removed
from over the pipeline to the .ast of the pipeline at a distance, estimated
by Calnev’s manager cf operations, to have been 2 to 4 feet.. He testified,
however, that "we found that the trench [path] did not place the pipeline
right . in the middle. There was an area where the pipeline kind of hugged the
side of the trench [path], so it [pile of trona] could have been as close as
2 feet in that area.” -

. - Calnev’s maintenance superintendent, who supervised the trona removal
activity from about 8:00 p.m., on May 15, to about 4:00 a.m., on May 16,
.testified :that several pieces of debris, including portions of truck
assemblies [from a train car] and two pieces of rail--one about 3 feet in
length-and one about 10 feet in length--were found during removal of the
trona. : He further testified that while he was supervising the removal of the
trona, two excavations of the pipeline were performed where debris had been
found at natural grade level. He stated that he could not be specific about
the locations but estimated that the first excavation was near the north edge
ef lot 77 and that the second excavation was between lot 77 and lot 76
(figure 4, excavations # 3 and 4). For both excavations, the depth and the
alignment of the pipe were determined by digging with hand shovels. A Case
580C backhoe was then used to excavate on the east side (Duffy street side)
of the pipeline. According to the maintenance superintendent, no damage to
the coating or the pipe was observed. :

. SP.personnel had positioned lights on the railroad levee. According to
Calnov’s maintenance superintandent, even though the lighting cast shadows
in the excavated area from west to east, lighting was not an issue in
determining whether the pipeline had been damaged or in evaluating the depth
of cover over the line. He stated, "I was comfortable with the level of
lighting, and I spent a considerable amount of time in the trench closely
observing the excavation.” He also testified that it would have been
possible to detect the difference between hitting debris with the backhoe and
hitting the pipeline with the backhoe. "...it was never a concern of mine
that we were going to hit the pipeline with the backhoe because we were
monitoring the depth of cover over the pipeline. We were not excavating in
an area such that we would be getting close enough to the pipeline to hit
it.”
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In addition to the two excavations, the pipeline was potholed's at
several other locations. At one location where the pipeline was potholed, a
truck assembly [rail car] was found to have penetrated the natural soil.
Calnev’s maintenance superintendent marked this location and later advised
Calnev’s manager of operations of the reed to perform a more thorough
inznection of the pipeline at that location. By 4:00 a.m., on May 16, the
path-through the trona had extended north 300 to 400 feet to a point where
the b-each in the levee had been made.

The -depaty fire chief testified that when he terminated his role as
incident commander around 10:00 p.m.. on May 15, Calnev’s manager of
operations assured him that the pipeline was safe to operate.

Calnev’s manager of operations, who relieved the maintenance
superintendent - about 4:00 a.m. on May 16, supervised the remainder of the
trona removal from over the pipeline. A foreman for Arizona Pipe Line
Company arrived on site about 6:00 a.wm. and relieved the backhoe operator who
had worked through the night. According to Calnev’s manager of operations,
two additional excavations of the pipeline were performed; he estimated the

_first excavation to be near the middle of lot 76 (figure 4, excavation #5),

where the maintenance superintendent earlier had found a truck assembly, and
the second location to -i{e near the northern edge of lot 75 (figure 4,
excavation #6). At both locations, the excavation was performed on the west
side of the pipeline, a 20- to 25-foot section of the pipe was exposed from
the 6 o’clock position to the 2 o’clock position 1ooking north, and no damage
to either the coating or the pipe was observed by Calnev personnel. The
depth of pipe was determined to have been about 4 feei at the first location
and 5 feet at the second location.

According to the testimony of Calnev officials and the backhoe
operators, all the excavations were immediately backfilled after the coating

and pipe were inspected for damage. Further testimony indicated that about -
- ~— .-b6 inches of debris-free native soil would be used to manually ccver the .
pipeline before the backhoe was used to fill the remaincer of the —

excavations, and that compaction of the soil was accomplished by "wheel-
rolling” rather than by use of the backhoe bucket.

Beginning about 10:30 a.m. on May 16, Calnev began performing soft dig
excavations'” of the pipeline about every 50 feet throughout the derailment
area. At each location, an 8-foot-tall stake marked at 1-foot intervals was
placed on top of the pipe, the top of the stake was surveyed to determine its

16 According to the Arizons Pipe Line Company employee operating the
backboe, all potholes were dug manually usiﬁg shovels. According to Calnev’s
waintenance superintendent, ™The primary function of a pothole is to
determine the depth and location of the pipeline. An excavation would be a
lerger hole, a more complete excavation where you are ‘actualily attempting to
visually ascertain the condition of the pipeline. v :

17, process by which vac'i.'luu-type excavation equipment makes about a.
1-foot-diometer hole from ground level to the top of the pipeline.
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elevation, and the hole was backfilled. Calnev personn2] testified that as a
result of these soft dig excavations, the pipe was exposed from the
10 o’clock positiun to the 2 o’clock position at each soft dig excavation and
that before the holes were backfilled, the pipe was inspected for damage; no
damage was observed at any of these locations. According to Calnev, the
purpose of the stakes was to provide information to SP regarding the location
and depth of the pipeline when SP began removing the trona from the
derailmerc site. SP was advised by Calnev to preserve the stakes until all
grading of the area was completed. Calnev’s manager of operations observed,
based on the placement of the stakes, that the pipeline depth below natural
ground varied from 4 to 8 feet through the derailment area.

: Calnev’s manager of operations testified, "On Tuesday, the 16th, we .d
by then accomglished full trenching ([8-foot-wide path] over the top of the
pipeline in the affected area. We had removed or had caused to remove any
debris that we had found. We had investigated every area that debris had
penetrated the native soil. ...Based on that assessment...my opinion was
that the pipe had not been damaged by the train derailment.® Clearance was

" given at 11:28 a.m. -by Calnev for the restart of the pipeline; operations

were resumed about noon on Tuesday, May 16. The pressure was initially
increased to about 1,200 psig, at which.point, according to Calnev’s manager

- .of operations, the dispatcher on duty watched for signs of loss of pressure

in the system. The pressure held constant for about 15 minuter iafter which
the pipeline was brought up to normal operating pressure {aboui 1,600 psig)
and regular operations were resumed.

'The Safety Board received conflicting testimony regarding a request to
expose completely the pipeline prior to resuming operations. The incident
commander (San BRernardino deputy fire chief) testified he requested that
Catnev fully expose the pipeline in the derailment area. According to
Calnev’s manager of operations, such a request was not made by either the
San Bernardino fire department or the SP. He did state that several options
had—been- considered, including the use of__an_ internal electromagaetic
inspection instrument for detecting defects 1in the pipe wall and a
hydrostatic test of the pipeline. He stated further that it would not have
been practical to run the inspection instrument through the line because
"...the line would have had to have been brought up to full operating
pressure and operated in that state for about 5 days to push [the
instrument] through to the other-end.” He elaborated that because of the
mountains between Colton and Las Vegas [the end of the line], it would be
necessary to operate at full pressure just to get the instrument over the
nountains. Calnev’s manager of operations also stated that, "[A} hydrostatic
test would have been performed had there been some doubt as to the integrity
of the pipeline. We found no reason to doubt the integrity of the pipeline
upon completion of our inspection and did not perform a hydrostatic test.”

SP contracted with the International Technology Corporation (IT) to have
the trona removed from the derailment site; removal of the trona began
during the afternoon of May 16. According to the project manager for IT,
cleanup of the trona began in the area closest to Duffy Street and then
continued through the derailment area from south to north. Equipment
operators testified that to remove the trona that had been piled east of the
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-pipeline as a result of the 8-foot-wide path that had beea madge through the
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trona, the operator of a front-end loader would reach over the pile of trona
with the bucket of the loader and drag the material back toward Duffy Street
where the trona could then be loaded into trucks. Accordirg to the IT
project manager, the front-end loader worked perpendicular tn the vipeline
during this operation. :

At 4:00 p.m. on May 16, SP opened its line to resume trzin movements
through the area. -

May 17, 18, and 19, 1989.--Removal of the trona continued throughout the
day on May 17 and 18. Because trcna contrasts with the celor of the native
soil, operators of the equipment were told by IT to visually inspect the area
to assure that they had removed all of the trona and about the top 2 inches
of native soil. On May 18, a track-mounted (crawler type) excavator was
brought to the site to begin removing the trona from the railroad embankment.
The excavator was positioned east of the pipeline with the tracks parallel to
the pipeline. A smooth steel grading blade was welded to the teeth on the
bucket of the excavator. The blade enabled the operator to drzg trona that
was covering the railroad embankment without removing excessive amounts of
material and to leave behind a smoothly graded surface. Testiueny by
equipment operators in the area at this time indicated that the operator of

‘the excavator would drag the trona down the side of the railrozd embankment

and across .the pipeline to the east side where front-end lToaders would pick
up the trona and load the trucks. However, according to IT’s project
manager, the operator of the excavator would dreg the trona down the
embankment and build a stockpile of trona on the west side of the pipeline.
At that point, a front-end loader would come in, keeping the tires on the
east side of the pipeline, scoop up the material, and then back up to a point
where the material could be loaded into trucks. Testimony by equipment
operators further indicated that the smooth-edged iLlzde welded to the testh
on the bucket of the excavator broke off several times and that the equipment
continued to be operated without the smooth-edged_blade. According to IT's
project manager, the excavator made two "passes" on the embankment. one pass
from south to north and one from north to south.

By early afternoon on May 19, 1989, all the trona had been removed and
the fencing of the area that began during the morning was completad. The
last piece of equipment used for the cleanup operaticns, 2 motor grader, was
brought to the site to smooth out the surface and to remove tire tracks.
After this operation was completed at 6:00 p.m., locks were plazed on tha two
20-foot-wide gates that were installed with “he fence, and the area was
secured. According to SP's contractor, no equipment was used in the area
after May 1¢, 1989.

IT’s project manager testified that when he Teft the site or May 19, he
believed that there were 2 to 3 feet of ground cover over the pipeline.. When
asked, "Could it have been your work that removed that cover from the 4 to
8-foot level down to the 2 to 3-foot level?" He roplied, "Yes."

According to Calnev, a Calnev representative was or site through May 19,
during the removai of the trona, to observe ihe operations, to point out
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potentially dangerous situations to the railroad and its contractor, and to
make certain that the stakes that had earlier been located over the pipeline
remained in place. No concern was voiced by Calnev during the removal
process.

Events Preceding the Pipeline Rupture

Calnev’s dispatch center at the Colton Pump Station is equipped with a
monitoring system that scans and records, among other system parameters,
pipeline pressures. When normal operations resumed on May 16, the pipeline
pressure had increased to 1,667 psig. Between May 16 and May 23, the
pipeline was operated at pressures ranging between 1,690 and 1,060 psig
(normal operating ranges established by Calnev) and was subjected to various
pressure changes during this time. Operations during the next couple of days
showed only smooth pressure transitions until about 8:05 a.m.'® on May 25,
1989.

Pipeline Rupture

Pipeline Operations on May 25, 1989.--During the early hours of May 25,
1989, the *hree 1,000-horsepower (hp) mainiine pumps at the Colton Terminal
were operating at maximum output (2,300 to 2,400 barrels per hour), and the
pressure on the pipeline was relatively constant at 1,620 psig. About
4:03 a.m., with the completion of a product delivery at Daggett (see figure
1), a gradual increase in pressure to 1,680 psig occurred over an interval of
about 17 minutes at which time the pressure decreased within 5 minutes to
1,669 psig. The pressure then remained relatively constant until 8:05 a.m.

At 8:05:25, based on a readout of the information recorded by the
monitoring system, a low suction pressure (15.188 psig) alarm'® and a low
discharge pressure (257.644 psig) alarm were received in the dispatch center
at Colton Pump Station on Calnev’s computer system. At 8:05:38, the three
1,000-hp mainline pumps were shut down by the computer system. At 8:05:39,
the dispatcher acknowledged?® the alarms. According to testimony of the
dispatcher on duty at the time, when changes in operating conditions occur:

(1) an audible alarm will be sounded, {2} the-word "alarm" will appear and

flash at the top of the dispatcher’s comouter  terminal screen, and
(3) information regarding the specific condition (in this case, "low suction
pressure” and "low discharge pressure”) will be highlighted in a particular

18 The monitoring system at the Colton Terminal scans various pipeline
parameters, including pipeline pressure, 2t 13-second intervals. Thus, an
event (in this case, a pressure reading) may have occurred up te 13 seconds
earlier than the recorded time (and the time cited in the discussion).

- 19 According to Calnev and OPS oflfcials, the word *®alarm® in the
pipeline industry is not used to denote »n emergency situation, but rather a
change in operating conditions.

20 ype dispatcher acknowledges the alarm by pressing a key on his
computer terminal keyboard.
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color and continue to flash until acknowledged by the dispatcher. Testimony
further indicated that if more thar one condition occurs on the same page
[screen], the word "alarm” and the audible alarm are terminated by one stroka
on the computer keyboard. :

The dispatcher testified that he noticed on his terminal screen flashing
1ights indicating that the pumps were shutting down and that he had a "low
suction pressure” color alarm (blue). He did not notice the "low discharge
pressure™ color alarm (blue) on the same page. The dispatcher stated that he
believed that the pumps had shut down as a result of a low liquid level in
the storage tank from which he was pumping. He was aware that a similar
situation had been experienced by the dispatcher whom he relieved, and the
pumps were eventually restarted. According to the dispatcher, the normal
procedure for the condition of a low liquid level in a storage tank is to
restart the pumps after the suction pressure again returns to normal.
According -to the dispatcher, normal suction pressure is between 26 and
50 psig. The suction pressure rose to 37.1429 psig, and at 8:06:02, the
dispatcher commanded the restart of the 100-hp booster pump. At 8:06:11, the
command was acknowledged by the computer. At 8:06:22, the computer reported
the status of the booster pump?! as "off.” _

At 8:06:53, the dispatcher again commanded the computer to start the
booster pump, and at 8:06:57, the command was acknowledged. Operating
parameters were automatically checked and found satisfactory, and the system
attempted to restart mainline pumps Nos. 2 and 3. At 8:07:09, the computer
acknowledged the command. At 8:07:10, another low suction pressure
(17.2932 psig) alarm was given to the dispatcher who knowledged the alarm,
and at 8:07:22, mainline pump No. 2 registered status "off," as did mainline
pump No. 3 at 8:07:23. Also, at 8:07:23, the suction pressure was
46.1654 psig and at 8:07:55, the booster pump reported status "off."

At 8:08:10, the dispatcher acknowledged the shutdown alarms and again
commanded the start of the booster pump. At 8:08:13, the booster pump
acknowledged the command and at 8:08:19, pump No. 3 acknowledged the command.
~At 8:08:20, a low suction pressure (20,9023 psig) alarm was provided to the

dispatcher. Pump No. 3 reported status "off" at '8:08:32, at which time .

suction pressure was recorded as 90.9774. At 8:09:15, the booster pump
reported status "off."™ At 8:09:18, the shutdown was acknowledged by the
dispatcher. The dispatcher stated that because he was not successful in
restarting the pumps, he left his station to request assistance from another
dispatcher who was on duty as a supervisor at the time and located down a
hallway from the dispatch center. The supervisor acknowledged the request.

While rveturning to his dispatch area, the dispatcher encountered the
senior systems specialist and asked him if he knew of any reason why the
pumps would not come back on. The dispatcher stated that the systems
specialist advised him to "pinch down" on the station control valve to bring

21 4 small capacity puap activated first to bring the pressure up slowly
to prevent surging when the mainline pumps are petivatved. ’
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the pumps ‘on slowly. The dispatcher stated that as he was doing this, they

received a phone call from the San Bernardino County Communication Center
asking if Calnev’s pipeline was involved in a fire. The systems specialist
then observed through a station window a cloud of smoke in the direction of

the pipeline route through San Bernardino, advised the caller that it likely

zas Calnev’s pipeline, and then instructed the dispatcher to leave the pumps
own. -

After notifying Calnev locations currently taking delivery of products
at Las Vegas, Nevada, that the pipeline was being shut down, the dispatcher
began remotely closing valves to isolate the pumps and the storage tanks from
the pipeline. In addition to closing the valves at the terminal, he shut
down the Baker booster pump station at MP 146.2. After the pressure sensor
indicated zero psig pressure at the summit of Cajon Pass, the dispatcher
remotely-closed -the valve at California aqueduct (MP 35.4) which is located
on the north side of Cajon Pass. He also stated that notification was made
to personnel -who had to close other valves Ranually. .The first downstream
valve that had to be closed manually was. located at MP 25.7; the maintinance
supervisor veported that this valve was closed at 9:00 a.m. -

Witnesses’ Observations.--A vesident at 2395 W. Adams Street stated that

she was in her backyard between 7:45 a.m. and 8:00 a.m. and noticed 2 "white -

colored rain" falling on the house behind hers on Duffy Street. She further
stated that after she went back inside her house, she heard an explosion and
"then her windows blew in" and the ‘entire house was on fire.. Another
resident -at. 2446 San Benito Street ‘stated that he was .outside around

8:00 a.m. on May 25, heard a train go by, and about 5 to 10 winutes later .

heard a "rumble.” He stated that he then looked up and saw 2 “cloud of flame
about four houses wide come over the houses...the flame was about 10 feet
higher than the rocftops” (figure 10). - Several witnesses stated that they
saw a white vapor and then heard a Toud explosion; this was followed by black
smoke and intense heat and flames. A resident at 2385 Mesa Street recalled
that a friend, who had arrived at her residence to transport her children
to school, "pointed to a spray vapor shocting up into the sky," that was
coming from the direction of where the train had derailed. A motorist, who
was filling his automobile -with gasoline near—Macy-—Street and.Highland
Avenue, stated that he. heard 'a “"rumble,” then saw what appeared to be a
*geyser® - of 1liquid shooting up in the air near the site of the train
derailment. - He stated further that within a few moments "it exploded.® In
addition to the resident on San Benito Street, several residents recalled
hearing a train pass by 5 to 10 minutes before the explosion; residents also

- recalled smelling gas before the explosion. Two residents, one at 2327 Duffy

Street and one at 2315 Duffy Street, were fatally burned as a result of the
explosion and fire. S o I

Emergency Responsa to Pipeline Rupturg'  |
" On May 25, 1989, at about 8:00 a.m., a firefighter leaving his assigned

- fire station on Highland Avenue noticed a large column of black smoke in line

with Highland Avenue, about 2 miles from his location. He returned to the
fire station and notified the battalion chief. _ :
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The battalion <hief, in turn, notified his dispatch office about
8:08 a.m. and requested fire department personnel and equipment to respond to
Highland and Duffy Streets. En route to the site, the battalion chief
observed flames and black smoke rising straight up in the air with no
apparent wind. He arrived on-scene about 8:13 a.m. Mutual aid agreements
were activated when the dispatch center was notified of the accident. As
emergency response units and fire department personnel and equipment froa
adjacent jurisdictions arrived on scene, the battalion chief positioned thes
“around the involved area. He had surveyed the accident area and determined
that seven houses were fully engulfed in fire and that two houses were
partially on fire. Being concerned with the downed power lines and the
possibility of ruptured residential gas lines, the battalion chief requested
the utility companies to shut down their respective lines. He also requested
the water department to assist in building dikes to prevent the product from
flowing into surrounding areas. The battalion chief ordered an evacuation of
residents in the area; police personnel eventually evacuated about 170
persons in a four-block area. ‘According to the deputy fire chief, because of
fuel - remaining on the ground, some residents were unable to retum
permanently to the area until August 6, 1989.

At 8:30 a.m., the deputy fire chief, who had been the incident commander
during the response to the train derailment, arrived on scene and assumed the
role of incident commander for this accident. By the time he arrived, fire-
fighting operations and treatment and transportation of the injured to local
hospitals had begun. At 10:05 a.m., a command post was set up at 2359 Mesa

Street. According to testimony of the deputy fire chief, the mutual aid -

emergency response plan was implemented as planned. Although the deputy fire
chief’s role as incident commander ended on May 28, fire department personnel
and equipment remained on scene as a safety measure until May 31, 1989.

Pipeline Surveillance Operations |

After Calnev’s maintenance superintendent observed the fire from his
office window shortly after 8:00 a.m., he immediately notified the manager of
operations who, along with other company personnel, proceeded to the accident
site. - Upon arrival at the accident site, the manager of _operations

jntroduced himself to the incident commander and was directed by the incident

commander to fly with a police officer in a helicopter to observe the fire.
Calnev’s manager of operations stated that while in the air, he observed a
large stream of flaming liquid exiting the ground eastward at an angle of
about 60 degrees from the horizontal. He stated that he observed substantial
fire damage n the direction of the burning stream of liquid, a small pool of
liquid burning around the rupture, and a small grass fire burning south of
Highland Avenue. The manager of operations stated that he then advised the
incident commander to allow the fire to burn itself out. According to the
incident commancer, the fire burned sut by 3:30 p.m. on May 25.

According to Calnev’s manager of operations, when the fire was out, the
rupture site was inspected and the damaged pipe examined (the damage is
described in the section "Damage,” "Damage to the Pipeiine”). At least four
pieces of railroad debris--a brake arm, an approximately 8-inch section of
1-beam from a locomotive, a piece of metal cowling from a locomotive, and a
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short section of rail--were found near the rupture. The brake arm and the
rail section were about 2 to 3 feet in length. The brake am was found
8 inches above the pipeline and the other parts were within 2 feet of the
pipeline. - Testimony by Calnev's manager of 'operations and by equipment
operators who had worked at the site following the derailment indicates that
the depth of cover they observed over the pipeline at its point of repture
was from 2 to 2 172 feet, whereas the depth of cover they had observed after
completing work, following the train derailment, was from 4 1/2 to 6 feet.
Calnev’s manager of operations testified that the location of the rupture was
very near if not at the exact location where the excavation #5 had been

performed across from the widdle of lot 76 (figure 4).

According to Calnev’s manager of operations, Calnev’s plan to repair the
pipeline .after the rupture and place it back in service evolved over many
days "...during which many discussions were held with many interested parties
as to how best to return that pipeline tu service [and] make the repairs
necessary.”. Calnev’s maintenance superintendent testified that when the
pipeline rupture occurred, he notified the National Response Center, the
California Office of Emergency Services, the California State Fire Marshal’s
Office, and the Underground Service Alert System. Representatives from these
agencies, as well as an engineer from the U.S. Office of Pipeline Safety
(0PS), responded to the accident site.

On May 26, 1989, OPS issued a Hazardous Facility Order, CPF No. 5987-H
to Calnev (appendix E).” This Order included preliminary findings, among

others, that the pipeline within the area of the derailment had not been

completely exposed and visually examined for damage, that the structural
integrity of the portion of the pipeline potentially affected by the
derailment had not been ascertained by Calnev, and that Calnev had not
determined if there had been damage to the pipe coating as a result of the
cleanup operations. OPS required Calnev to expose the pipeline around its
circuaference for the length of pipe between a point 50 feet north of the
casing beneath Highland Avenue and the south end of the levee adjacent to the
check valve. at MP 6.9, to conduct a thorough visual inspection of the exposed
pipe to locate any damage to the pipe or to its coating and make appropriate
repairs, and in -accordance with applicable requirements—of.49 CFRPart 195,
to hydrostatically test to 1.25 times its maximum operating pressure the pipe
located between a point 100 yards south of the check valve on the downstream
side of the derailment impact area and a point 200 yards upstream of the road
crossing at Highland Avenue. :

On May 30, 1989, based on its preliminary findings, OPS found that “if
placed. into service under the same circumstances as existed after the
rupture, that portion of Respondent’s [Calnev’s] pipeline subject to the
required corrective actions prescribed [on May 26, 1989] would be hazardous
to life and property.” Consequently, as a result of conversations with
Calnev, the OPS Order was amended to require excavation of the pipeline
located between a point 10 feet north (downstream) of the casing beneath
Highland Avenue and the south (upstream) rise of the Muscoy Levee, that the
excavated pipe be visually inspected to determine any damage to the pipe or
its coating, that the pipe be replaced with new pipe, that a block valve be

installed between the check valve and the Muscoy Levee, that the new pipe be
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tested as previousiy required of the existing pipe, and that all activities
be performed in accordance with applicable requirements of 49 CFR Part 195.
The revised Order also stipulated that OPS would review and approve Calnev’s

" hydrostatic testing and inspection program, that OPS would monitor the test,

and that the pipeline could not be returned to service until OPS had
determined that _all required actions had been successfully completed.

. By letter of June 6, 1989, Calnev requested relief from the requirements
of the Order because it discovered that a bend in the pipe made it
impractical to tie into the new pipe 10 feet north of the Highland Avenue
casing, the location required by the amended Order. As there was no apparent
damage to the pipe at that location and because the line would be
hydrostatically tested before returning it to service, on June 6, 1989, the
OPS again amended the Order to allow the tie-in to be made at a locatioa
determined acceptadle by Calmev and concurred with by a representative of
the OPS so long as the tie-in was made between the point 10 feet north of the
Highland Avenue casing and 2 point about 35 to 40 feet north of the casing.

About 600 feet of the pipeline through the arez of the previous
derailment was removed and replaced. The pipeline was refilled with product
on June 9, 1989. More than 9,400 barrels of product were required to refill
the pipeline. A mile of pipeline of the size installed will hold 917.69
barrels of product, based on information provided by Calnev.

" Injuries
___Train Derailment - Pipeli r ‘

Injuries Extra 755) East Residents Residents Firefighters Others?? Total

. Fatal 2 2 2 0 0 6
Serious 1 1 3 0 i 6
Minor 2 .0 16 1 q 23
None 2 —_— —_ - —_— L
Total 7 3 21 1 5 37

- ges - - ————t e e e : - —

Train Derailwent.--Five locomotive units and the entire consist of &2
hoppers cars were completely destroyed as a result of the derailment; the
rear-end locomotive was extensively damaged. About 68CG feet of track were
destroyed by the derailing Tocomotive units and cars.

Following the derailment, a building inspector from the City of
San Bernardino Department of Building and Safety inspected the houses that
incurred damages as a result of the derailment. The inspector’s assessmeat
of damages is listed in Appendix F. The inspector recommended that dwelliegs
at 2314 Duffy Street through 2382 Duffy Street be demolished immediatesly
(figure 11). : ‘

22 ypese persons were involved in & traffic accident while attempting to
avoid the fire caused by the pipeline explosion.
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_ Pipeline Runture. --Eleven houses and 21 motor vehicles were destroyed by

fire from the pipeline.rupture and fire (figures 11 and 12). . Four houses
received " moderate firé and smoke damage, and .three-houses® received smoke
: dalage only. Appendix,.F lists the residences and the danages incurred

T The costs incur;red ‘fru_the train deraillent and the pipeline rupture,
asreportedbySP,foll R ‘ _

- '_ 1,’550'.4o7.oo"._- C

- Wreckage 'clearing

hding 22, "830.00 . .-
_Houses :

o U 502,831.00 . . L
"“Pt“'e Mo _svame
& ‘lotal S u 414 291, 00» e

oo .* The dollar figure is based upon coq)areble locomotives auailable
T _‘_today for replaceuent._ : i - g

o Pipeline Repair s 500 000 oo
.. Cosmodity .. _ - . _ ~300,000.00 -
Environmental : ng_q,m
Total o -$:1,860,000.00 -

. «Total reported costs frou the train derailnent and the pipeline rupture
were: 314.274 291 oo ST _

about ‘MP - 6. 9.: A 25 foot, 1 7/8-inch-section--(301:-7/8-inches) of. the pipe
*_that included the. rupture area was cut from-the pipeline to make a temporary

“The 25-foot section was:resoved about 5 00 p.m. on Hay 26. 1989, and
fth a section’ of-sound pipe._--- v FI

Rl T section- .pipe containing the rupture was: remved it
,'uas torch cut- into S smaller_sections. Beginning at the south end, the first

‘section was 44 .7/8:inches -long-and contained.no areas of daage. The next -

41-inch .section contained two longitudinal,. parallel ‘areas of_ damage. The
next 44.1/2-inch section” contained the rupture.: :These last two sections of
pipe ‘were taken.to-the: Safety Board's laboratory ‘in.Washington, D.C., for
testing (figures 13 and '14). ~ (Additional” information. is provided under
. "Tests: and ‘Research.") . The: next section was 6.inches long and contained no
“damage. " The -last:section: was 165 1/2 inches long and-contained:damage to
the coating along the side of the pipe at the 3 0 clock position (looking
north).:. e _ E st

"’"'*--lhe 142 inch dianeter pipeline ruptured at”

|
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. The rupture was about 29 inches long and, with respect to the
circumference, was located about 5 inches to the east of the top of the pipe
as installed (about the 1:30 o’clock position looking north). The electric
resistance welded seam was located about at the top of the pipe.
Examination of the area indicated that there was plastic deformation
(bulging of the pipe) associated with the rupture and that the vupture
produced a "fish mouth" type opening.of about 4.2 inches at its widest point
(see figure 14). There was no apparent visual evidence of pipe material or
manufacturing deficiencies. ' : : -

Plastic defcrmation (denting) was present in the area of the rupture.
The primary “"dent” extended approximately 27 inches longitudinally along the
top portion of the pipe; the dent angled slightly from the longitudinal axis
of the pipe. The primary dent began at a point 20 inches northwest of the
rupture point and extended to a point 7 inches southwest of the rupture
point. The primary dent was about 1 3/8 inches wide at its widest point and
the deepest depth of the dent was about 0.07 inches.

The primary dent produced a protrusion (bulge) on the inside surface
of the pipe and localized wall thinning. The minimum wall thickness, as
measured in this area at the accident site, was 0.249 inches and was located
about & inches from the point of rupture. Additional wall thinning was near
-the point of rupture ("Tests and Research," "Metallurgical Testing").

Nearly parallel to and below the primary dent was a mark/scratch on the
pipe that extended from about the same downstream location as the primary
dent to about the point of_rupture.

A second pair of marks on the pipe was located upstream (south) about
36 inches south of the point of rupture. The pipe had been damaged (gouged)
in an area about 5 inches below (east) the top of the pipe. The longer mark
was about 36 inches long and located closer to the top of the pipe; a 2 1/2-
inch-wide section of the coating had been removed revealing a 1 1/2-inch-wide
mark on the metal. The second mark began slightly north of the first; the
maximum width of damage to the coating was about 2 inches and the length of
damage was about one half that of the upper mark.

About 120 inches north of the peint of rupture, some damage to the
coating on the east side of the pipe was observed. Coating in widths
varying from 4 to 7 inches had been removed from the pipe at the 3 o’clock
position (looking north). No damage was apparent to the pipe metal.

At a location 188 feet north of the end of the Highland Road casing, two
areas of damage to the pipe were found at the time the pipe was being removed
for replacement. The section of pipe containing these two areas of damage
were sent to the Southwest Research Institute for metallurgical examination .
("Tests and Research," "Metallurgical Testing").

Track and Sigral Information

Track.--The train derailment occurred on the single mainline track in
San Bernardino, California, near railroad MP 486.8. Approaching the.
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derailment site from the west, the track grade descended between 2.0 and
2.2 percent for 22 miles before it iransitisned to a 0.0-percent grade at the
derailment site. In the 22 miles of descending grade, there were 56 curves
which varied in degree of curvature from a maximum of 6 degrees to a minimum
of 30 minutes. A :

The track was constructed of 119-pound continuous welded rail {CWR) on
tangent track and 136-pound CWR on most of the curves. The 4-degree curve at
the derailment site was 1laid with new 136-pound CWR in 1986. The rails-
rested on double shouldered tie plates and 9-foot hardwood crossties and
were restrained with two rail-holding spikes on the gage side of the rail,
one rail-holding spike on the field side ¢f the rail, and one plate-holding
spike on each side of the rail. The rail was box-anchored every other tie.
The ties were laid in a ballast of crushed rock.

- The 4-degree right-hand curve (based on the direction of movement of
Extra 7551 East) at the derailment site was constructed on a fill (levee)
with a maximum height.of about 21 feet. The curve was 2,474 feet in length, -
including a 376-foot spiral on each end, and had a 1-inch superelevation.

According to SP Timetable No. 2, the authorized maximum timetable speed
for the curve was 30 mph. The Federal Railroad Administration allows a
maximum operating speed of 38 mph for a 4-degree curve with a 1l-inch
superelevation. ' '

.About 680 feet of track were destroyed during the derailment. Because
of the extensive track damage, there were no distinguishable marks to
indicate the point of derailment. :

Signals.--Trains on the single mainline track are governed by a traffic
control system using colored 1ights on wayside signals. An inspection of the
signal equipment in the area of the derailment was conducted on May 13, 1989.
The inspection—revealed no problems with the signal system._.

Train Information

At the time of the accident, Extra 7551 East consisted of, from front to
rear, 4 road locomotive units (SP 8278, SP 7551, S? 7549, and SP 9340), 69
open-top hopper cars loaded with trona, and 2 helper locomotive umits (SP
8317 and SP 7443). : . . _ -

Locomotive Units.--Al]l of the locomotive units were manufactured by the
Electro Motive Division (EMD) of General Motors Corporation. - These units
were six-axle, SD models with 26L automatic brake valves and extended range
dynamic brakes.23

23 yith extended range dynamic brakes, as coapared to standard rahge,
more retarding force is available from 6 mph up to a speed between 18 and 25
nph depending on the gear ratio. ’
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Train- trakes were controlled by the road engineer in thz lead unit,
SP 8278. Dynamic and independent brakes were controlied separately by each
engineer in their respective units, helper or road locomotive.

Based on statements by the head-end and helper engineers, the dynamic
brakes of units SP 8278 and SP 7443 were -known to be functicning. Unit
SP 7551 was dead-in-consist with no dynamic brakes or power. -The dynamic
brakes of unit SP 8317 were tagged and out of service, but the unit pulled in
the power mode and had pneumatic brakes. The head-end engineer stated that
he believed "the thivd unit (SP 7549) had fairly good, I think tiey were good
dynamics." The event recorder printout for SP 7549 did not show any amperage
in the dynamic mode after the train departed Cban where the helper units were

added. The fourth unit, SP 9340, was reported by the head end engineer to
Toad in and out of dynam1cs jntermittently.

The automatic and independent brake valves from units SP 8278 and
SP 7443 were bench tested on May 15, at the SP diesel shop in Los Angeles in
accordance with the requirements of the manufacturers and the Association of
American Railroads. All valves performed within design specifications.

The controlling locomotive units at the head ‘end and rear end of the
train, SP 8278 and SP 7443 respectively, were equipped with multi-channel
radios that broadcast on 30 watts of power at 72 volts. The road channel was
161.550 MHz. Both radios were bench tested on May 14 and 15, at the SP radio
facility at Colton Yard. Both radios functioned according to design and
Federal specifications (49 CFR Part 90). On May 12, an on-scene functional

test of the radio from unit 5P 7443 transmitting to the Colton roundhouse was

performed; communication was loud and clear,

The first three head-end locomotive units of Extra 7551 were equipped
with Pulse 8 event recorders; the fourth head-end unit and the helper units
were not equipped with any event or speed recorder. None of the units were
reguired to be_equipped. According -to- SP’s general road-foreman, all new
locomotives being purchased are equipped with event recorders, and event
recorders are being installed on existing Tocomotives during a major
overhaul. The helper units had not recently been through a major overhaul
maintenance program. The Pulse 8 event recorder cartridges record speed,

positiorn, and
independent brake appllcat1on A1l three event recorder cartridges were
recovered and taken Ly Safety Board personnel to its headquarters in
Washington, D.C., for restoration (the cartridge from unit SP 8278 was

heavily damaged) and printout. (See "Tests and Research," "“Event
Recorders.") : .

He per Cars.--Of the 69 open-top hopper cars in the consist of Extra
7551 Eust, 38 cars were owned by the SP. These cars were 48 feet 9 inches in
length, had a light weight of 60,300 1bs, a maximum Tading capacity of
202,700 1bs for a maximum weight per car of 263,000 1bs. The remaining 31
cars were owned by the Denver & Rio Grande Western Railroad (DRGW). These

cars were 51 feet 8 inches in length, had a light weight of 63,500 1bs, a
maximum lading capacity of 199,500 1bs for a maximum weight p2r car of
263,000 1bs. The total light wexght of the 69 cars was 2,130 tons.
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Each of the SP cars was equipped with an “empty load" (EL) device. When
the car is empty, this device reduces the brake cylinder pressure to prevent
the wheels from sliding. According to timetable instructions in effect at
the time of the derailment, loaded cars with empty load devices were to be
considered the equivalent of one and one-half cars in determining tons per
operative brakes (see Southern Pacific’s Method of Operation}. The chief

mechanical officer for SP testified that the SP cars with empty load devices:

had a "nermal braking ratio of 1.° He further testified that at the time of
tha train derailment, the operating rules had not been changed to reflect

.this. The DRGN cars were not equipped with EL devices. All 69 hopper cars

were equipped with composition brake shoes.

Following the derailment, many wheels and brake heads were inspected.
This was a random inspection of available parts because many parts were
buried and almost none of the parts could be identified as belonging to any
particular car or part of the train. Of a possible 552 brake heads on the
train, 160 were examined with the following conditions noted: 36 had been
burned away, 102 showed signs of heavy heat and excessive braking, and 22
showed light or no signs of excessive braking although most of these showed
signs of service wear. According to SP’s chief mechanical officer, some
showed no signs of heavy braking because of "...the variation in the brake
shoe thickness, the thickness of the wheels...and braking forces. They are
not exactly the same on all cars.” He further testified that braking forces
are not evenly distributed even on one car. Of a possible 276 wheel sets,
142 were inspected of which 109 showed obvious evidence of overheating from

_heat buiidup by excessive or heaving braking. The chief mechanical officer

testified that based on SP’s postaccident inspection of the wheels and brake
heads, he believed that the brakes on Extra 7551 Fast were effective and that
the brake pipe was intact.

Locomotive wheels and brake shoes showed heaving braking and heat on
every unit. Some brake shoes had been burned away and the backing plate had
begun to melt.

Mechanical Information

Use of "Dynamic Brakes.--According (o the —Association . of American
Railroads’ Director of Safety and Operating Rules, many Class -1 railroads
emphasize the use of dynamic brakes to control a train, thereby conserving
fuel and minimizing brake shoe wear. Rule 58F of the SP Air Brake Rules and
Train Handling Instructions states, "The dynamic brak: must be used whenever
practicable in reducing and controlling train speed...." Rule 581 further
states, "Where the available dynamic brake will not properly control the
speed of the train, the automatic air brakes must (then) be used to an extent
which will allow the dynamic brakes to be reduced to a value where it will be
flexible enough to control changes made in speed due to physical
characteristics of the recad." The Safety Board is aware that similar rules
exist on other railroads. Rule 501B of the Burlington Northern Air Brake and
Train Handling Rules states:

Train hénd]ing must be performed in a manner that will be most fuel
efficient consistent with good train handling. Therefore, maximum
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use must be made of the trottle modulation, throttle reduction and
dynamic braking methods for slowing, controlling, and stopping
trains. Unless rules specify otherwise, DURING PLANKED BRAKING
OPERATION, IF ONE OR MCRE OPERABLE DYNAMIC BRAKES ARE AVAILABLE,
THE POWER BRAKING METHOD WILL NOT BE USED." :

Of SP's road fleet of 2,100 units, 1,800 units, according to the chief
mechanical officer, are equipped with dynamic brakes. SP locomotives are
designed such that when the train brakes are applied in emergency, an
interlock will nullify the dynamic braking, According to SP’'s chief
mechanical officer, the system is designed in this manner "...to prevent
train handling problems in_the case of a break in two [a separation of two
cars] and to prevent wheel slide because of excessive braking which would be
the "combination of the electric [dynamic] braking and the independent
brake....” He could offer no explanation as to why some railroads have
modified the system to retain dynamic braking when the train brakes are
applied in emergency. He stated that the SP had checked with the
manufacturer and that the manufacturer "...will not make that modification
for the SP or any other railroad.” He further stated that the SP was not
considering modifying the locomotives. The Safety Board contacted one
manufacturer who indicated that any specifications requested by a carrier, as
Jong as they were in compliance with Federal reqgulations, would be made. The _
Safety Board is aware that thoe Union Pacific and the Burlington Northern have
their own retrofit program to eliminate the interiock feature.

Maintenance Reports and Reporting of Defective Locomotive Units.--SP
Rule 2A requires the engineer to report locomotive defects to the dispatcher
and to fill out a form outlining the defects. This form remains in the -
locomotive cab until the locomotive reaches an appropriate facility where
mechanical department personnel can make the repairs. The head-end engineer
testified that he complied with both parts of this rule with respect to the
inoperative dynamic brakes on the lead locomotive unit, 75581. The helper
engineer testified that he did not inform the dispatcher that the dynamic
brakes on one of his helper units were inoperative because the dynamic brakes
were inoperative when he began his tour of duty and he believed that the
engineer whom he had relieved had reported the defect to the dispatcher. The
assistant chief dispatcher who assigned the power {locomotive units) vor the

" movement of Extra 7551 East testified that he does not request information

from engineers and that he does not query the computer z:c<tem?® about the
status of dynamic brakes on locomotive units. He further testified that it
is the responsibility of engineers to inform him of any locomotive defects.
He also stated that there are no written procedures that specifically address
what to do with -information received from engineers regarding defective
locomotive equipment.

The chief mechanical officer testified that engineers, in addition to
reporting defects to the dispatcher and filling out the appropriate form,
will. occasionally report defects directly to the roundhouse (engine repair

2"sp's computer system contains a listing of all locomotive units and
the status of any defects reported.
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facility) foreman.. He further testified that mechanical department
personnel, if they become aware of any defects, will update the computer with
information. According to the chief mechanical officer, the dispatcher,
once he receives information from engineers regarding defects, has the
responsibility to update the computer. The assistant chief dispatcher
testivied that he often updates the computer when he receives reports of
defects, although he believed it was not his responsibility to do so, or he
will give the information to a clerk who will then update the computer when
time is available.

A review of maintenance records and failure reports by Safety Board
investigators revealed that on May 4, an engineer had filed a failure report
on unit 7549, the third unit in the head-end consist, noting that there were

- no dynamic brakes. According to the maintenance record, the motor braking

switch was stuck and the repair was made. The chief mechanical officer
testified it was not a major repair and that there was a possibility that a
defect of that type could occur again. With respect to unit 9340, the
fourth unit in the head-end consist and the one that the head-end engineer
reported as “intermittent” in dynamic braking, maintenance records indicated
that it had received extensive repairs to the dynamic brake on April 27 and
29, 1989. According to the chief mechanical officer, the extensive repairs
would indicate to him that the dynamic brakes should have been working on the
day of the accident. According to the failure reports, unit 8317, the laad
unit in the helper consist, had been reported as having inoperative dynamic
brakes on May 8, 1989, 4 days before the accident. The chief mechanical
officer testified that it was not uncommon for a unit to continue to be used
in helper service "until it worked its way" to the Los Angeles repair
facilities. Testimony by the head-end engineer and the helper engineer
indicated that it was not uncommon to have a unit in a locomotive consist
with inoperative dynamic brakes. The chief mechanical officer testified that
the number of units reported to have inoperative dynamic brakes varied on a
daily basis from 3 to 35.

Racovering Dynamic Brakes.--According to the chief mechanical officer,
an engineer can recover the dynamic brakes (after an emergency application of
the train brakes has been made) by going to “a handle off position and
recover[ing] the PC after about 70 seconds.®25 He stated that he believed
the head-end engineer had sufficient time to recover his dynamic brakes. He
also stated, "I suspect there could have been some slight benefit going back
into dynamic brakes but at those speeds the dynamic braking effort is very,
very low.”

25 Uhen an emergency air brake application iz made, the PC switch, an
electropneuantic device (sometimes referred to in the industry as the power
cut-off suitch or the pneumatic control switch), trips the electric current
which casuses the main generators to unloasd and the engines to return to idle.
When the air brake handle is placed in the handle off position, the PC will
sutomatically reset. After the pressure is restored - ithin 20 to 30 seconds
(which the engineer can observe "in front of him), the engineer can then
manually move the handle and gn back into dynamic brak.ng.

b
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Dynamic Brakes.--The Safety Poard received conflicting testimony from SP
personnel regarding the company’s interpretation of FRA requirements for
functioning dynamic brakes. The general road foreman of engines stated that
he believed, based on his interpretation of FRA regqulations, that if a
locomotive unit is equipped with dynamic brakes, they "must operate.” The
chief mechanical officer stated that he believed there were no FRA
requirements regarding functioning dynamic brakes. The Safety Board
requested the FRA to provide in writing its position on functioning dynamic
brakes. In a letter to the Safety Board dated October 18, 1989 (see
appendix 6), the FRA stated:

The Railroad Power Braka and Drawbars Regulaticns does [sic) not
require the presence of a dynamic brake. However, dynamic brakes

are referred to in the Locomotive Safety Standards, which states in
part "If a dynamic brake or regenerative brake system is in use,

that portion of the system in use shall respond to control from the cab
of the controlling locomotive.® _ '

‘This part makes clear that both the w»quipping and the use of
dynamic brake is optional. The FRA will not take exception if a
dynamic brake is found inoperative or operates at less than maximum
designed capacity.

Southern Pacific’s Method of Operation

Air Brake Rules and Timstable Instructions.--Trains operat{ng on the -

double main track over the Mojave Subdivision are controlled by the train
dispatcher using Direct Traffic Control between Mojave and East Mojave.
Between Ansel and West Colton, trains are operated in accordance with signal
indications of an automatic block and traffic control system.

Timetable No. 2, effective October 25, 1987, was current at the time of
the accident. Maximum allowable speed on the line between East Mojave and
West Colton was 65 mph for freight trains. Exceptions to the maximus
allowable speed for eastward freight trains between tast Mojave and West
Colton were as follows: - ' e

between MP 463.8 and MP 487.4 30 mph
between MP 487.4 and MP 491 40 mph
between MP 491 and 491.9 30 mph
between MP 431.9 and 492.7 15 mph

The $P had adopted the General Code of Operating Rules, which became

- effective on October 28, 1985. The SP’s Air Brake Rules and Train Handling

Instructions, last revised on November 1, 1985, were also in effect.
Pertinent excerpts from the Air Brake Rules and Train Handling Instructions
follow: . .
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Rule 2. Dynamic Brake.

Helper locomotives entrained may not use dynzmic brake unless road

i Sl A b e Rl e AL i et Al

- engine has operative dynamic brake.

5 The number of axles of dynamic brakes of the helper engine(s) will

; be added to axles of dynamic braking of the road engire to

3 -~ determine the tonnage that may be handled in accordance with

; applicable Air Brake Rules.

f Dynamic brake on head end of freight trains must not exceed 24

- axles. Each helper entrained must not exceed 36 axles. :

X

Rule 17..Retaining Valves.2é

ceun

The Superintendent will prescribe the number and locations where
retaining valves must be used.?’ \

vea o e

Instructions in Timetahie No. 2 indicate that for the descending grade :
between Hiland and West Colton, retaining valves will be used under certain :
conditions. For trains being operated down the grade without operative ;
dynamic brakes, one retaining valve will be used for each 80 tons in train.
If gross tonnage exceeds 80 tons per operative brake, retaining valves must
be used on all cars and speed must not exceed 15 mph. For trains bdeing:
operated with operative dynmamic brakes, use of retainers is not required if
tons per axle of dynamic brake does not exceed 375 per standard range or 450

per extended range.

Rule 33. Tonnage Per Operative Brake.2®

. The maximum tonnage per operative brake that may be handled on :
descending grades of 1.8 perceat or over will be prescribed by the ) :
~ Superintendent. B

et o, oo B IAM + s A gt P

26 5,y defined in the Air Brake Associstion's Ranagement of Train
Qperation and Train Handling, # retaining valve is "a control device through
i which brake cylinder air is exhasusted cospletely or a predetermined brake
! cylinder pressure is retained.* In short, the retainers provide the sngineer
é with braking capability while the air brake systems {s being recharged.
¥

e ek

27 Typically, when a company rule (in this case an airbrake rule)
indicates that the supsrintendent witt prescribe certain operating
parameters, the superintendent witl accomplish this through instructions in
i the timetable or by special bultetins.

23 Tonnage (or tons) per operative brake is computed by dividing the
gross trailing tons by the number of cars in the train. The weight of the
locomotives is not included in the gross trailing tons. :
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Freight trains handling cars with single capacity brakes (*), with
tonnage exceeding 80 tons per operative brake, must not exceed
45 eph, except maximum speed must not exceed: (1) 25 mph; or
(2) 20 mph in grade territories as designated by Superintendent by
milepost locations under appropriate subdivision.

PO AR Fo B b SRR

*Loaded cars with empty-load brakes are to be considered the
equivalent of one and one-half (1 1/2) cars in determining tons per
3 operative brake.??

Tonnage of operating locomotive(s) not in dynamic braking is not to
be used in determining tons per operative brake.

The instruction. in Timetable No. 2 indicate that the descending grade
between Hiland and West Colton is covered by rule 33. The timetable also
lists the maximum tons per operative brake for trains descending the grade
and the exceptions for thece tr2ins using dynamic braking (appendix H). The
instructions also state: ' '

Insufficient dynamic brake capacity or failure of dynamic brake
which results in exceeding these tonnages per axle, is to be
considered as operating without dynamic brake.

Should dynamic "brake failure occur on one or more locomotives
resulting in insufficient dynamic brake capacity, train must stop
and all retaining valves -turned up. Train may then proceed not
exceeding 15 mph if, in the judgement of the conducter and
engineer, it is safe to do so.

Bl e e s FA e ]y A N DA S e A T AP IR W |

The SP’s general road foreman of engines provided the Safety Board with
a speed decision flow chart for Rule 33 (see figure 15). According to his
- testimony, "A train consisting of 69 cars with a weight of 8,900 tons
and that had 18 operative dynamic brake axles® would not have been allowed to
descend the grade east of Hiland. Extra 7551 East on the day of the accident
had 128 tons per operative brake (8,900 trailing tons divided by 69 (number
of cars in train, not using the 1 1/2 braking equivalence)) and 494 tons per
axle of dynamic braking (8,900 trailing tons divided by 18 (three locomotive
units with six axles each)). Using the speed decision flow chart, the :
general foreman illustrated why the train was not permitted to operate :
(follow arrow #1 on figure 15). Using the chart, the general foreman also :
illustrated the decision process the engineer would have made on the day of :
the derailment with the information that he had 69 tons per operative brake*? i
(follow arrow #2 on figure 15). According to the general road foreman, “If :
the train would have had 6,151 tons, with the information that [the head-end

29 ¢p cancelled this rule by special instructions, effective May 22,
1989.

30 6,151 tons divided by 88 (38 SP carg equipped with E/L devices
figured at 1 1/2 braking capasbility equals 57 (38 aultiplied by 1 172) plus
%1 DRGY cars not equipped with €/L devices) equals 69 tons per operative brake.
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Figure 15.--Speed decision flow chart for Rule 33.
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engineer] had and the dynamic brakcs [he] thought he had working, he could
easily have controlled the train down the hill.® He further stated that the
engineer, based on the information provided to him, could have taken the
train down the hill without any dynamic brakes. According to the head-end
:ngineer, based on the information he had, rule 33 did not apply to his
rain.

As outlined in the Air Brake Rules and Train Handling Instructions, the
dynamic brake retarding force per brake axle diminishes as speed increases.
For example, at a speed of 23 mph, the dynamic brake retarding force per axle
is 10,000 1bs; at a speed of 40 mph, the dynamic brake retarding force per
axle is 5,750 1bs.

Rule 61.E. Balanc